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(57) ABSTRACT 

A hand-held self-contained nerve-stimulation device and 
method using light to provide a source of precise stimulation 
on one or more nerve ?bers. In some embodiments, this 
simulation is provided through a device and method Wherein 
a laser- or LED-light source is mounted to the handpiece. 
Light is passed from the light source through optical tip to 
simulate nerves. In some embodiments, the device is con 
structed from non-magnetic material such as glass, plastic or 
ceramics. In some embodiments, the light emanating from 
the optical tip can be controlled manually or automatically. 
In some embodiments, the handpiece contains a self-con 
tained poWer source, such as batteries. In some embodi 
ments, the handpiece is at least in part, activated by remote 
control in order to prevent moving the handpiece during 
activation. Some embodiments include a unit operable to 
sense a response of nerve stimulation and to suppress a 

laser-ablation surgery operation. 
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APPARATUS AND METHOD FOR 
STIMULATION OF NERVES AND 

AUTOMATED CONTROL OF SURGICAL 
INSTRUMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
Patent Application No. 60/826,538 (Attorney Docket 5020. 
001PV1) ?led on Sep. 21, 2006, titled “MINIATURE APPA 
RATUS AND METHOD FOR OPTICAL STIMULATION 
OF NERVES AND OTHER ANIMAL TISSUE,” Which is 
incorporated herein by reference in its entirety. This appli 
cation is also related to US. patent application Ser. No. 
11/420,729 (Attorney Docket 5032.009US1) ?led on May 
26, 2006 entitled “APPARATUS AND METHOD FOR 
OPTICAL STIMULATION OF NERVES AND OTHER 
ANIMAL TISSUE” and to US. patent application Ser. No. 
11/_,_ (Attorney Docket 5032.020US1) ?led on even 
date herewith entitled “APPARATUS AND METHOD FOR 
STIMULATION OF NERVES AND AUTOMATED CON 
TROL OF SURGICAL INSTRUMENTS,” Which are each 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates generally to surgical instru 
ments, and more particularly to methods and apparatus to 
stimulate a nerve, sense a result of the nerve stimulation, and 
control a surgical instrument, such as an ablation laser, based 
on the sensed result; for example controlling the ablation 
laser to suppress ablation pulses to avoid damaging vital 
nerves While removing other diseased tissue, or to enable 
ablation pulses to remove damaged nerve tissue. 

BACKGROUND OF THE INVENTION 

[0003] A nerve can be stimulated in a number of different 

Ways, including electrical, mechanical, thermal, chemical, 
and noW optical. A nerve is a ?lament of neural tissue 
composed of cells each having a cell body and one or more 
axons and dendrites. The axons extend peripherally as either 
myelinated or unmyelinated ?bers. A chain of SchWann cells 
surrounds each myelinated nerve ?ber With a multilayered 
myelin sheath. Groups of unmyelinated ?bers are associated 
With single SchWann cells. Both types of nerve ?bers are 
bound by endoneurium to form bundles, or fascicles. A 
perineurial membrane surrounds each fascicle. Groups of 
fascicles are held together by internal and external epineu 
rium to form the peripheral nerves. The cell body of a motor 
neuron lies in the anterior horn of the spinal cord, While the 
cell body of a sensory neuron is located in the dorsal root 
ganglion, near the cord. (Christine Cheng; See Nerve Com 
pression Syndromes 0f the Upper Limb, by Martin DunitZ, 
published by Taylor & Francis Group, 2002.) 
[0004] Functional magnetic-resonance-imaging (FMRI) 
systems use extremely strong magnetic ?elds in generating 
images of an animal subject (e.g., a human) to discern 
functions and abnormalities of various portions of the body, 
and in particular, of the brain (e.g., during various mental 
activities or thought patterns). The high static magnetic 
?elds (Bo ?elds) created by an MRI machine create a danger 
of projectile accidents from any object having magnetic 
properties that may be near the MRI machine. Using metal 
probes to deliver electrical stimulation to nerves of a subject 
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poses one such danger. It Would be desirable to stimulate a 
nerve Without using metal probes. 
[0005] Further, it is desirable to cause a controlled stimu 
lation ofindividual nerves. US. Pat. No. 6,921 ,413 issued to 
Mahadevan-Jansen et al. on Jul. 26, 2005, and titled “Meth 
ods and Devices for Optical Stimulation of Neural Tissues,” 
is incorporated herein by reference. Mahadevan-Jansen et al. 
note that traditional methods of stimulation include electri 
cal, mechanical, thermal, and chemical. Aneuron Will propa 
gate an electrical impulse (a nerve action potential) in 
response to a stimulus. The most common form of applying 
such stimulation is to form a transient current or voltage 
pulse applied through electrodes. Electrical, mechanical, and 
chemical stimulations have many limitations. Stimulation by 
such methods typically results in non-speci?c stimulation of 
neurons and/or damage to neurons. Di?iculty exists in 
recording electrical activity from the neuron due to an 
electrical artifact created by the stimulus. To stimulate only 
one or a feW neurons, fragile microelectrodes need to be 
fashioned and carefully inserted into the tissue to be stimu 
lated. Such techniques do not easily lend themselves to 
implantable electrodes for long-term use in stimulation of 
neural tissue. Mahadevan-Jansen et al. describe the use of 
loW-poWer light from a free-electron laser (FEL) for opti 
cally stimulating selected individual nerve cells in vivo, 
While at the same time not stimulating neighboring cells 
With the laser light. Unfortunately, FELs are expensive, 
large, aWkWard and unWieldy. 
[0006] Further, some conventional optical systems include 
some magnetic materials, making them unsuitable for use 
near MRI systems. 
[0007] In other conventional neural-stimulation systems, 
110-volt AC (Wall poWer) is used to control and/ or drive the 
laser components, With electrical, cooling-?uid, and/or opti 
cal tethers betWeen a delivery head and other portions of the 
equipment, making such systems clumsy and/or perhaps 
someWhat dangerous to use if relatively high voltages are 
present in the hand-held portion. For example, US. Pat. No. 
5,548,604 issued to Toepel on Aug. 20, 1996 entitled “Com 
pact hand held medical device laser” describes a palm-siZed 
laser device having a hand-held housing containing a solid 
state crystal lase material rod, a ?ashlamp (for pulsed pump 
light) Within a re?ective light-coupling cavity and a ?uid 
cooling chamber adapted to receive and exhaust coolant 
?uid. 
[0008] In vieW of shortcomings in such conventional 
devices, there is a need for devices and methods that can 
provide inexpensive, compact, optionally non-magnetic, 
optionally having non-Wall-poWered poWer supplies, and/or 
easy-to-use interfaces and form factors for optical stimula 
tion of nerves. 

BRIEF SUMMARY OF THE INVENTION 

[0009] In some embodiments, the invention provides a 
method and self-poWered (e.g., battery-powered) and/or 
hand-held apparatus for stimulating nerves using either an 
infra-red (IR) diode laser or light-emitting diode (LED) 
(e.g., one running at a Wavelength of about 1.87 microns) or 
a diode-pumped solid-state laser (e.g., using a semiconduc 
tor laser diode as a pump source of optical radiation and an 
optically pumped semiconductor or optically pumped rare 
earth-doped ?ber laser cavity) running at a Wavelength of 
2.1 microns (e.g., a 785-micron-Wavelength laser diode 
pumping a Tm/Ho solid-state crystal or ?ber), or a laser 
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diode operating at a Wavelength of between about 1.8 and 
about 2.2 microns. In other embodiments, the invention uses 
other Wavelengths that are ef?cacious in optical stimulation 
of animal tissue such as a nerve. 

[0010] In some embodiments, the apparatus is at least 
mostly embedded in a self-contained hand-held form factor 
such as a light pen, pointer and/or Wand that can be manually 
used to control, direct and/or shutter the light. In some 
embodiments, the hand-held device includes an embedded 
laser diode used to obtain optical radiation (optionally 
directed at least in part in an embedded optical ?ber) that has 
a suitable Wavelength and optical poWer su?icient to opti 
cally stimulate the nerve. In other embodiments, one or more 
LEDs, one or more diode lasers, or a combination of one or 
more LEDs and one or more diode lasers is used to obtain 
the stimulation light. 
[0011] In some embodiments, the hand-held device of the 
present invention includes one or more internal poWer 
sources, such as battery cells, to provide self-contained 
electrical poWer to the laser diode and/or other internal 
components. In some embodiments, at least some of the 
metal portions of the battery and other internal electrical 
Wiring connections are all or substantially all made of a 
non-magnetic electrically conductive material such as cop 
per, in order to be usable near MRI equipment. 

[0012] In some embodiments, one or more free-space or 
bulk optical components (such as air gaps, lenses, prisms 
and the like, in contrast to enclosing the entire optical path 
in optical ?bers) are used in the hand-held device of the 
present invention. In some embodiments, one or more IR 
and/or visible lasers are implemented on a semiconductor 
chip, and one or more such chips are mounted to a housing 
(such as a metal or plastic “can” having a front lens) such 
that the combined optical output of the laser(s)/LED(s) starts 
in close proximity and is immediately collimated as a single 
beam and focussed by a single train of lenses and other 
optical components. In other embodiments, at least one 
beamsplitter/beam combiner is used to combine light from 
tWo or more sources into a single output beam. 

[0013] In other embodiments, the IR nerve-stimulation 
optical signal is carried in an optical ?ber, and, either sharing 
a single optical ?ber or passing in one or more separate 
?bers next to the optical ?ber that carries the IR nerve 
stimulation optical signal, the invention also includes a 
visible-laser or visible-LED signal that illuminates and 
points out the area (e.g., the nerve) being stimulated. In still 
other embodiments, a high-poWer surgical and/ or therapeu 
tic laser signal is added in conjunction With the IR nerve 
stimulation signal and/or visible pointer laser. For example, 
in some embodiments, a visible laser is projected to point 
out to the surgeon Where the IR nerve-stimulation laser 
signal Will be applied; the surgeon then activates the IR 
nerve-stimulation laser signal and observes the response (for 
example, phantom-limb pain of an amputee); and once the 
observed response determines the nerve location to be 
treated, the surgical and/or therapeutic laser signal is applied 
to that identi?ed location. In other embodiments, for 
example to avoid accidentally cutting a facial nerve during 
surgery, the IR nerve-stimulation laser signal is pointed to a 
location that the surgeon Wants to cut or ablate (in some 
embodiments, this point is illuminated by the visible pointer 
laser beam) but Wants to cut only if no nerve is at that point; 
the surgeon then activates the IR nerve-stimulation laser 
signal and observes the response (for example, a muscle 
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contraction that can be seen by the surgeon or sensed by a 
suitable sensor taped or otherWise affixed to the skin); but in 
this case, the observed response determines that a location to 
be treated includes a desired nerve, and the surgical and/or 
therapeutic laser signal is inhibited from being applied to 
that identi?ed location. In some embodiments, the nerve 
response sensor generates a signal that inhibits activation of 
the surgical laser. 
[0014] The present invention, With its ability to precisely 
stimulate a single nerve or a very small area of a brain 

(optionally With no magnetic material near the subject, Who, 
in some embodiments, may be a human patient requiring 
medical care) is a gateWay technology that opens broad 
areas of medicine and surgery. In some embodiments, an 
enlarged digital or video image of the surgery site is dis 
played, and as the surgeon optically stimulates the various 
nerves or areas, the image is annotated (e.g., color-coded as 
a map of nerve function) to provide a record of Which 
response Was observed for each of the different areas stimu 
lated. In some embodiments, once the annotated map is 
suf?ciently complete, the surgeon can input graphical anno 
tation to the computer identifying the extent or the exact area 
to Which treatment is to be permitted, the visible signal 
(shoWing Where the ?ber is pointing) is inputted and com 
pared to the map, such that the controller alloWs the surgical 
and/or therapeutic laser signal to be applied only to the 
identi?ed alloWed area. 

[0015] As used herein, “optical stimulation of nerves” 
refers to stimulation caused by impinging light onto nerve 
tissue, regardless of the Wavelength of the light (ultraviolet, 
visible, or infrared, Wherein the term “light” is not neces 
sarily restricted to light in the visible range of 400- to 
700-nanometer Wavelengths). The nerve being stimulated 
can be any nerve, such as motor or sensory nerves in the 
peripheral nervous system, nerve tissue of the central ner 
vous system (nerves Within the brain and spinal cord), the 
cranial nerves (e.g., the optic nerve, the olfactory nerve, the 
auditory nerve, and the like), optical or auditory nerves, the 
autonomic nervous system, as Well as brain tissue and/or any 
other neural tissue. Thus, the tissue to Which optical stimu 
lation is applied need not itself be a “nerve” as convention 
ally de?ned, but could include brain tissue that When stimu 
lated by light initiates a response similar to that carried by 
a nerve, e.g., an action potential that includes electrical 
and/or chemical components, and Which is propagated to a 
location some distance from the point that Was optically 
stimulated. As used herein, the term “subject” is an inclusive 
term that refers to any animal Whose nerves may be stimu 
lated by light, as the term light has been de?ned above; this 
includes non-mammalian and mammalian species, including 
humans, and including especially humans Who may be 
patients receiving professional medical care. As used herein, 
the term “optical-?ber structure” is an inclusive term that 
includes a single optical ?ber as Well as a bundle of 
individual optical ?bers, a fused bundle of optical ?bers, star 
couplers, and depending on the context optionally includes 
ferrules, lenses, and the like used to couple light into and out 
of the optical ?ber structure. 

[0016] In some embodiments, the present invention 
includes at least some of the folloWing in a small hand-held 
portable device poWered by a self-contained energy-storage 
device (e.g., batteries or other poWer source, such as capaci 
tors, chemical energy, rotational ?yWheel energy, spring 
energy and the like; and/or a self-contained poWer receiver 
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such as a coil for receiving AC magnetic or RF energy, a 
photovoltaic cell for receiving optical energy, and the like), 
one or more light-emitting sources (that emit tissue-stimu 
lation Wavelengths) powered by the self-contained energy 
storage device, an optional light-beam combiner coupled to 
combine tWo or more optical beams into a single optical 
beam, optics to focus and deliver light to a nerve, a trigger 
or activation mechanism, a light-emitting-source controller 
(e.g., in some embodiments, this includes electronics to 
condition and control electricity to laser diodes), one or 
more visible-light-emitting sources such as LEDs and/or 

laser diodes (that emit light used to point at or identify the 
tissue area being (or to be) stimulated and a disposable 
sheath. In some embodiments, the sheath includes or incor 
porates a lens and/ or other portions of the optics to focus the 
light from the light sources to a particular spot siZe and/or 
shape. In some embodiments, a plurality of different inter 
changeable sheaths and/or lens tips are provided, each 
having a different spot siZe and/or shape, alloWing the 
surgeon or technician to choose the appropriate light pattern, 
and/or to change the light pattern based on results of the 
?rst-tried sheath’s light pattern and/or the patient response 
obtained. 

[0017] In some embodiments, the invention provides a 
method that includes generating a ?rst light beam from a ?rst 
self-contained-energy-storage-poWered (e.g., battery-poW 
ered) light-emitting source, generating a second light beam 
using a self-contained-energy-storage-poWered (e.g., bat 
tery-poWered) second light-emitting source, combining the 
?rst and second light beams, focusing the combined ?rst and 
second laser light beams, and controlling an amplitude 
and/or timing of the ?rst and/or second light beams. 

[0018] In some embodiments, the present invention 
includes an apparatus having a ?nger-and/or-thumb control 
that controls a characteristic of light, optics to focus and 
deliver the light to a nerve, a self-contained-energy-storage 
poWered (e.g., battery-powered) laser having a Wavelength 
and poWer capable of e?icaciously stimulating a nerve, and 
a controller operable to drive the laser based on input from 
the ?nger/thumb control. In some embodiments, this appa 
ratus is used to deliver an efficacious amount of visible and 
infrared (IR) light so as to target and stimulate nerve tissue. 
In some embodiments, a visible laser beam is used to point 
to and illuminate the area to be stimulated and an IR laser 
beam is used to stimulate a nerve at that illuminated area. 

[0019] In some embodiments, the present invention 
includes an apparatus having an optical nerve stimulator, an 
energy-storage-device charger (e.g., battery charger), and a 
remote Wireless controller and/or programmer. 

[0020] In some embodiments, the stimulation light is IR 
(infrared, e.g., about 1.8-micron Wavelength), While in other 
embodiments other IR Wavelengths, visible light Wave 
lengths, ultraviolet Wavelengths, and/or combinations of a 
plurality of such Wavelengths are used. 

[0021] In some embodiments, the invention provides a 
method that includes charging a battery, (e.g., supplying a 
charge to a battery from an RF charger), poWering a con 
troller With the battery, poWering a ?rst light source from the 
controlled, poWering a second light source, emitting light 
from the ?rst light source, emitting light from the second 
light source, controlling a characteristic of the light from the 
?rst and second light sources using a remote programmer, 
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combining the light from the ?rst and second light sources 
via a combiner, and projecting the combined light to a nerve 
?ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A is a block diagram of a battery-operated 
nerve-stimulation laser handpiece system 100A. 
[0023] FIG. 1B is a block diagram of a battery-operated 
nerve-stimulation laser handpiece system 100B. 
[0024] FIG. 1C is a block diagram of a battery-operated 
nerve-stimulation laser handpiece system 100C. 
[0025] FIG. 1D is a block diagram of a battery-operated 
nerve-stimulation laser 111. 
[0026] FIG. IE is a block diagram of a battery-operated 
nerve-stimulation laser handpiece system 100E. 
[0027] FIG. IE is a block functional diagram of battery 
operated nerve-stimulation laser handpiece system 100E. 
[0028] FIG. 1G is a block diagram of battery-operated 
nerve-stimulation laser handpiece system 100G. 
[0029] FIG. 1H is a block diagram of battery-operated 
diode-laser-pumped rare-earth-doped ?ber emitter nerve 
stimulation handpiece system 100H. 
[0030] FIG. 2 is a block circuit diagram of battery-oper 
ated nerve-stimulation laser handpiece system 200. 
[0031] FIG. 3 is a block diagram of focus-indicating 
nerve-stimulation laser handpiece system 300. 
[0032] FIG. 4A is a block diagram of surgery-inhibiting 
nerve-stimulation system 400A. 
[0033] FIG. 4B is a block diagram of surgery-inhibiting 
nerve-stimulation system 400B. 
[0034] FIG. 4C is a block diagram of surgery-inhibiting 
nerve-stimulation system 400C. 
[0035] FIG. 5A is a perspective cut-aWay diagram of a 
surgery-inhibiting nerve-stimulation system at the initiation 
of a surgical procedure. 
[0036] FIG. 5B is a diagram of a ?rst stimulation/surgical 
pattern at an operation site sight at Which a surgery-inhib 
iting nerve-stimulation system is employed, at a ?rst time 
subsequent to the initiation of a surgical procedure. 
[0037] FIG. 5C is a diagram of a surgical sight at Which a 
surgery-inhibiting nerve-stimulation system is employed, at 
a time When the stimulation/surgical pattern shoWn in FIG. 
5B has been completed. 
[0038] FIG. 5D is a diagram of a second stimulation/ 
surgical pattern at an operation site sight at Which a surgery 
inhibiting nerve-stimulation system is employed, at a sec 
ond, later time subsequent to the initiation of a surgical 
procedure, and shoWing the surgical site at a time When the 
second stimulation/surgical pattern has been completed. 
[0039] FIG. SE is a diagram of a third stimulation/surgical 
pattern at an operation site sight at Which a surgery-inhib 
iting nerve-stimulation system is employed, at a third, later 
time subsequent to the initiation of a surgical procedure, and 
shoWing the surgical site at a time When the third stimula 
tion/ surgical pattern has been completed. 
[0040] FIG. SE is a diagram of an operation site sight at 
Which a surgery-inhibiting nerve-stimulation system is 
employed, When the operation has been completed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] Although the folloWing detailed description con 
tains many speci?cs for the purpose of illustration, a person 
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of ordinary skill in the art Will appreciate that many varia 
tions and alterations to the following details are Within the 
scope of the invention. Very narroW and speci?c examples 
are used to illustrate particular embodiments; hoWever the 
invention described in the claims is not intended to be 
limited to only these examples, but rather includes the full 
scope of the attached claims. Accordingly, the following 
preferred embodiments of the invention are set forth Without 
any loss of generality to, and Without imposing limitations 
upon the claimed invention. 

[0042] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings that form a part hereof, and in Which are shoWn by 
Way of illustration speci?c embodiments in Which the inven 
tion may be practiced. It is understood that other embodi 
ments may be utiliZed and structural changes may be made 
Without departing from the scope of the present invention. 

[0043] The leading digit(s) of reference numbers appear 
ing in the Figures generally corresponds to the Figure 
number in Which that component is ?rst introduced, such 
that the same reference number is used throughout to refer 
to an identical component that appears in multiple Figures. 
Signals and connections may be referred to by the same 
reference number or label, and the actual meaning Will be 
clear from its use in the context of the description. 

[0044] CNAP is an abbreviation for compound nerve 
action potential. CMAP is an abbreviation for compound 
muscle action potential. As used herein “target neural tissue” 
is de?ned as any neural tissue including, but not limited to, 
peripheral nerves, spinal-cord tissue, and brain tissue of 
animals, including mammals, and speci?cally including 
humans. As used herein “electrical impulse” is de?ned an 
electrical current applied to the nerve to initiate an action 
potential in the neuron. As used herein “stimulation effect” 
is de?ned as propagation of an electrical signal Within or 
along neural or muscular tissue. As used herein “single nerve 
?ber” is de?ned as a portion of a neuron, namely the axon, 
Which carries action potentials from the cell body to the axon 
terminal at a synapse, or one or more of the dendrites, Which 
accumulate signals from one or more sources and carry these 
to the cell body. Many nerve ?bers compose a peripheral 
nerve, such as the sciatic nerve of a leopard frog (Rana 
Pepiens) or a mammal. 

[0045] For ease of explanation and conciseness, the 
present invention is described as embodiments of an appa 
ratus and method for optically stimulating nerves and/or 
generating nerve action potentials. CNAP is one form of 
nerve action potential. In other embodiments of the inven 
tion, substantially similar apparatus and methods are used 
for optical stimulation of other tissues, such as muscles 
and/or generating muscle action potentials. CMAP is one 
form of muscle action potential. 
[0046] As used herein “hand operated” means operated by 
some portion of a user’s hand or hands, including by one or 
more of the ?ngers, thumb, Wrist and palm of the hand, or 
of both hands. In some embodiments, a light-delivery hand 
piece is hand operated to the extent that the location (i.e., on 
the nerve or neural tissue) to Which light is delivered is 
determined by positioning the handpiece by hand. In some 
embodiments, a light-delivery handpiece is also hand oper 
ated in that a control device (such as a button, Wheel, trigger, 
iris, shutter, and the like) is operated by hand to control the 
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type of stimulation light (e.g., pulses, intensity, Wavelength, 
pulse train, and the like) and/or timing of the stimulation 
light. 
[0047] As used herein “one micron” (a unit generally used 
When referring to Wavelength) is de?ned as 1.0 micrometer 
(a unit generally used for circle diameter and other such 
measurements). As used herein “a spot siZe of d1 microme 
ters to d2 micrometers,” Where d1 and d2 are numbers, is 
synonymous With “an area of a circle or other shape With a 
diameter in a range of from d1 micrometers to d2 microme 
ters,” as is knoWn to people skilled in the art. For example, 
a spot siZe in a range of 200 micrometers to 600 micrometers 
is synonymous With an area (e.g., of a circle) With a diameter 
in a range of from 200 micrometers to 600 micrometers, 
corresponding to an area With a siZe in a range of about 

31,416 square micrometers to about 282,743 square 
micrometers, using the formula of Area:1/4pD2. In some 
embodiments, a spot is generated by passing the light that 
exits an end of an optical ?ber through a lens, holographic 
imaging pattern, or other imaging apparatus. 
[0048] In other embodiments, spots With diameters of 1 
micrometer or smaller, and up to 1000 micrometers (Which 
equal one mm) or larger are used; for example, about 5 
micrometers, about 10 micrometers, about 15 micrometers, 
about 20 micrometers, about 25 micrometers, about 30 
micrometers, about 35 micrometers, about 40 micrometers, 
about 45 micrometers, about 50 micrometers, about 55 
micrometers, about 60 micrometers, about 65 micrometers, 
about 70 micrometers, about 75 micrometers, about 80 
micrometers, about 85 micrometers, about 90 micrometers, 
about 95 micrometers, about 100 micrometers, about 110 
micrometers, about 120 micrometers, about 130 microme 
ters, about 140 micrometers, about 150 micrometers, about 
160 micrometers, about 170 micrometers, about 180 
micrometers, about 190 micrometers, about 200 microme 
ters, about 210 micrometers, about 220 micrometers, about 
230 micrometers, about 240 micrometers, about 250 
micrometers, about 260 micrometers, about 270 microme 
ters, about 280 micrometers, about 290 micrometers, about 
300 micrometers, about 310 micrometers, about 320 
micrometers, about 330 micrometers, about 340 microme 
ters, about 350 micrometers, about 360 micrometers, about 
370 micrometers, about 380 micrometers, about 390 
micrometers, about 400 micrometers, about 410 microme 
ters, about 420 micrometers, about 430 micrometers, about 
440 micrometers, about 450 micrometers, about 460 
micrometers, about 470 micrometers, about 480 microme 
ters, about 490 micrometers, about 500 micrometers, about 
510 micrometers, about 520 micrometers, about 530 
micrometers, about 540 micrometers, about 550 microme 
ters, about 560 micrometers, about 570 micrometers, about 
580 micrometers, about 590 micrometers, about 600 
micrometers, about 610 micrometers, about 620 microme 
ters, about 630 micrometers, about 640 micrometers, about 
650 micrometers, about 660 micrometers, about 670 
micrometers, about 680 micrometers, about 690 microme 
ters, about 700 micrometers, about 750 micrometers, about 
800 micrometers, about 850 micrometers, about 900 
micrometers, about 950 micrometers, about 1000 microme 
ters, about 1.1 millimeters, about 1.2 millimeters, about 1.3 
millimeters, about 1.4 millimeters, about 1.5 millimeters, 
about 1.6 millimeters, about 1.7 millimeters, about 1.8 
millimeters, about 1.9 millimeters, about 2 millimeters, 
about 3 millimeters, about 4 millimeters, about 5 millime 
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ters, or more than about 5 millimeters, or, in other embodi 
ments, in ranges between any tWo of the above values. 

[0049] In some embodiments, a laser diode emitting light 
With a 1.87-micron Wavelength stimulates nerves. This 
Wavelength is important because devices capable of gener 
ating this Wavelength are more available than longer mid-IR 
Wavelengths. In some embodiments, laser-diode light of a 
2.1-micron Wavelength is used for nerve stimulation. Laser 
diodes that emit 2.1-micron-Wavelength light are currently 
in research and Would most likely Work as Well as other 
Wavelengths, since this Wavelength, When generated by a 
lamp -pumped solid-state laser, has been shoWn to be 
effective in stimulating nerves. In some embodiments, a 
laser-diode device (having one or more emitters) outputs 
light that is used for nerve stimulation, Wherein the light has 
a Wavelength of betWeen about 1.5 microns and about 6 
microns; in various embodiments, for example, the Wave 
length is in the far infrared at about 1.5 microns, or about 
1.51 microns, about 1.52 microns, about 1.53 microns, about 
1.54 microns, about 1.55 microns, about 1.56 microns, about 
1.57 microns, about 1.58 microns, about 1.59 microns, about 
1.6 microns, about 1.61 microns, about 1.62 microns, about 
1.63 microns, about 1.64 microns, about 1.65 microns, about 
1.66 microns, about 1.67 microns, about 1.68 microns, about 
1.69 microns, about 1.7 microns, about 1.71 microns, about 
1.72 microns, about 1.73 microns, about 1.74 microns, about 
1.75 microns, about 1.76 microns, about 1.77 microns, about 
1.78 microns, about 1.79 microns, about 1.8 microns, about 
1.81 microns, about 1.82 microns, about 1.83 microns, about 
1.84 microns, about 1.85 microns, about 1.86 microns, about 
1.87 microns, about 1.88 microns, about 1.89 microns, about 
1.9 microns, about 1.91 microns, about 1.92 microns, about 
1.93 microns, about 1.94 microns, about 1.95 microns, about 
1.96 microns, about 1.97 microns, about 1.98 microns, about 
1.99 microns, about 2.0 microns, about 2.01 microns, about 
2.02 microns, about 2.03 microns, about 2.04 microns, about 
2.05 microns, about 2.06 microns, about 2.07 microns, about 
2.08 microns, about 2.09 microns, about 2.1 microns, about 
2.11 microns, about 2.12 microns, about 2.13 microns, about 
2.14 microns, about 2.15 microns, about 2.16 microns, about 
2.17 microns, about 2.18 microns, about 2.19 microns, about 
2.2 microns, about 2.21 microns, about 2.22 microns, about 
2.23 microns, about 2.24 microns, about 2.25 microns, about 
2.26 microns, about 2.27 microns, about 2.28 microns, about 
2.29 microns, about 2.3 microns, about 2.31 microns, about 
2.32 microns, about 2.33 microns, about 2.34 microns, about 
2.35 microns, about 2.36 microns, about 2.37 microns, about 
2.38 microns, about 2.39 microns, about 2.4 microns, about 
2.5 microns, about 2.6 microns, about 2.7 microns, about 2.8 
microns, about 2.9 microns, about 3 microns, about 3.1 
microns, about 3.2 microns, about 3.3 microns, about 3.4 
microns, about 3.5 microns, about 3.6 microns, about 3.7 
microns, about 3.8 microns, about 3.9 microns, about 4 
microns, about 4.1 microns, about 4.2 microns, about 4.3 
microns, about 4.4 microns, about 4.5 microns, about 4.6 
microns, about 4.7 microns, about 4.8 microns, about 4.9 
microns, about 5 microns, about 5.1 microns, about 5.2 
microns, about 5.3 microns, about 5.4 microns, about 5.5 
microns, about 5.6 microns, about 5.7 microns, about 5.8 
microns, about 5.9 microns, or about 6.0 microns, or, in 
other embodiments, in ranges betWeen any tWo of the above 
values. In other embodiments, an LED having output Wave 
lengths centered in one of these ranges is used as a source 
of light to stimulate nerves. 
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[0050] In still other embodiments, one or more laser 
diodes or LEDs that output shorter Wavelengths (including 
short IR, visible, and/or ultraviolet light) is used as a source 
of light to stimulate nerves. In particular, visible Wave 
lengths are important because devices capable of generating 
a great number of different ones of these shorter Wavelengths 
are becoming more available, and use of visible light makes 
the location of the stimulation signal readily apparent to the 
user Without the use of separate lasers or LEDs as visible 
markers. On the other hand, longer IR laser Wavelengths 
tend to be more eye-safe (since the liquids and structures in 
the front of the eye absorb or block longer IR Wavelengths), 
While shorter laser Wavelengths can present an eye haZard 
With respect to Which, precautionary protective measures 
must be taken Further, different Wavelengths have different 
penetration depths into various tissues, so a selected pen 
etration depth can be achieved by changing Wavelength 
Without changing optical poWer, or by a combination of a 
selected Wavelength and a selected poWer. In some embodi 
ments, a laser diode having an output Wavelength of about 
0.95 microns (in the infrared) is used for nerve stimulation. 
In some embodiments, a laser-diode device (having one or 
more emitters) outputs light that is used for nerve stimula 
tion, Wherein the light has a Wavelength of betWeen about 
1.5 microns and about 0.2 microns. In various embodiments, 
for example, the Wavelength is in the infrared spectrum at 
about 0.7 microns, about 0.71 microns, about 0.72 microns, 
about 0.73 microns, about 0.74 microns, about 0.75 microns, 
about 0.76 microns, about 0.77 microns, about 0.78 microns, 
about 0.79 microns, about 0.8 microns, about 0.81 microns, 
about 0.82 microns, about 0.83 microns, about 0.84 microns, 
about 0.85 microns, about 0.86 microns, about 0.87 microns, 
about 0.88 microns, about 0.89 microns, about 0.9 microns, 
about 0.91 microns, about 0.92 microns, about 0.93 microns, 
about 0.94 microns, about 0.95 microns, about 0.96 microns, 
about 0.97 microns, about 0.98 microns, about 0.99 microns, 
about 1.0 microns, or about 1.01 microns, about 1.02 
microns, about 1.03 microns, about 1.04 microns, about 1.05 
microns, about 1.06 microns, about 1.07 microns, about 1.08 
microns, about 1.09 microns, about 1.1 microns, about 1.11 
microns, about 1.12 microns, about 1.13 microns, about 1.14 
microns, about 1.15 microns, about 1.16 microns, about 1.17 
microns, about 1.18 microns, about 1.19 microns, about 1.2 
microns, about 1.21 microns, about 1.22 microns, about 1.23 
microns, about 1.24 microns, about 1.25 microns, about 1.26 
microns, about 1.27 microns, about 1.28 microns, about 1.29 
microns, about 1.3 microns, about 1.31 microns, about 1.32 
microns, about 1.33 microns, about 1.34 microns, about 1.35 
microns, about 1.36 microns, about 1.37 microns, about 1.38 
microns, about 1.39 microns, about 1.4 microns, about 1.41 
microns, about 1.42 microns, about 1.43 microns, about 1.44 
microns, about 1.45 microns, about 1.46 microns, about 1.47 
microns, about 1.48 microns, about 1.49 microns, or about 
1.5 microns, or, in other embodiments, in ranges betWeen 
any tWo of the above values. 

[0051] In various other embodiments, for example, the 
Wavelength is in the visible spectrum at about 0.4 microns, 
or about 0.41 microns, about 0.42 microns, about 0.43 
microns, about 0.44 microns, about 0.45 microns, about 0.46 
microns, about 0.47 microns, about 0.48 microns, about 0.49 
microns, about 0.5 microns, about 0.51 microns, about 0.52 
microns, about 0.53 microns, about 0.54 microns, about 0.55 
microns, about 0.56 microns, about 0.57 microns, about 0.58 
microns, about 0.59 microns, about 0.6 microns, about 0.61 
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microns, about 0.62 microns, about 0.63 microns, about 0.64 
microns, about 0.65 microns, about 0.66 microns, about 0.67 
microns, about 0.68 microns, about 0.69 microns, or about 
0.7 microns, or, in other embodiments, in ranges betWeen 
any tWo of the above values. 

[0052] In various other embodiments, for example, the 
Wavelength is in the ultraviolet spectrum at about 0.1 
microns, or about 0.11 microns, about 0.12 microns, about 
0.13 microns, about 0.14 microns, about 0.15 microns, about 
0.16 microns, about 0.17 microns, about 0.18 microns, about 
0.19 microns, about 0.2 microns, about 0.21 microns, about 
0.22 microns, about 0.23 microns, about 0.24 microns, about 
0.25 microns, about 0.26 microns, about 0.27 microns, about 
0.28 microns, about 0.29 microns, about 0.3 microns, about 
0.31 microns, about 0.32 microns, about 0.33 microns, about 
0.34 microns, about 0.35 microns, about 0.36 microns, about 
0.37 microns, about 0.38 microns, about 0.39 microns, or 
about 0.4 microns, or, in other embodiments, in ranges 
betWeen any tWo of the above values. 

[0053] In some embodiments, the invention uses a nerve 
stimulation signal composed of one or more Wavelengths 
Within a range betWeen tWo numbers selected from the set 

that includes all of the above listed far-infrared-, visible-, 
infrared-, or ultraviolet-spectrum Wavelengths. 
[0054] In some embodiments, tWo or more di?ferent Wave 
lengths are used in combination for nerve stimulation. In 
some embodiments, the di?ferent Wavelengths have di?ferent 
penetration depths into a given tissue, so in some embodi 
ments, the present invention applies light at a ?rst Wave 
length from a ?rst laser to achieve a ?rst tissue-penetration 
depth, but applies light at a second Wavelength from a 
second laser to achieve a second tissue-penetration depth. In 
some embodiments, a variable amount of each of the tWo or 
more di?ferent Wavelengths is applied simultaneously to 
achieve a tissue-penetration depth that is variable based on 
the amounts (intensities) of the ?rst and second light Wave 
lengths. In some embodiments, the tWo or more di?ferent 
Wavelengths are used in combination in cases Where the 
simultaneous combination of tWo or more di?ferent Wave 
lengths achieves higher stimulation results When applied to 
a speci?c type of neural tissue than is achieved by the 
application of either Wavelength alone. In some embodi 
ments, the tWo or more di?ferent Wavelengths are passed 
through a single optical ?ber for delivery to the target neural 
tissue. 

[0055] In other embodiments, di?ferent IR Wavelengths 
have di?ferent depths of penetration into living tissue (e.g., 
nerve tissue), and thus one IR nerve-stimulation Wavelength 
is used for penetration to a ?rst depth, and a second IR 
nerve-stimulation Wavelength is used for penetration to a 
second depth that is di?ferent than the ?rst depth. In some 
embodiments, the tWo or more di?ferent Wavelengths are 
passed through a single optical ?ber for delivery to the target 
neural tissue. 

[0056] In still other embodiments, di?ferent IR Wave 
lengths have di?ferent absorption ratios or di?ferent stimu 
lation results for different tissue types (e.g., for di?ferent 
types of nerves or neural tissue), and thus one IR nerve 
stimulation Wavelength is used for stimulation of a ?rst type 
of neural tissue, and a second IR nerve-stimulation Wave 
length is used for stimulation of a second type of neural 
tissue that is di?ferent than the ?rst type. In some embodi 
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ments, the tWo or more di?ferent Wavelengths are passed 
through a single optical ?ber for delivery to the target 
neural-tissue area. 

[0057] In some embodiments, the tWo or more di?ferent 
Wavelengths are generated by tWo or more solid-state light 
emitting devices, such as laser diodes, light-emitting diodes, 
optically pumped ?bers, and the like, and are then combined 
into a single optical ?ber. In other embodiments, the tWo or 
more Wavelengths are sent through separate parallel ?bers or 
through di?ferent cores in a single ?ber. 

[0058] In some embodiments, the optical stimulation light 
is directed to a very small area of neural tissue, for example 
in order to stimulate a subset of one or more nerves Within 

a nerve bundle (for example, to stimulate a motor nerve (a 
nerve that conducts signals from the brain to one muscle or 
a portion of a muscle), or to stimulate a sensory nerve (a 
nerve that conducts signals to the brain from a small area of 
touch-sensing nerves), or an auditory nerve for a single 
audio frequency, or an optical nerve for a small portion of 
the visual ?eld or color-sensing spectrum). In some embodi 
ments, such a precision-directed optical signal includes a 
single optical Wavelength; While in other embodiments tWo 
or more di?ferent IR-stimulation Wavelengths are used for 
stimulating a single nerve or neural tissue area. In some 

embodiments, tWo or more di?ferent Wavelengths provide a 
stronger stimulation to one nerve cell or one portion of 
tissue, While in other embodiments tWo or more di?ferent 
IR-stimulation Wavelengths provide di?ferent depths of pen 
etration, such that a selected depth or range of depths can be 
chosen by selecting the Wavelength(s) that reach to those 
depths. 
[0059] In some embodiments, the optical stimulation light 
is directed to a larger area of neural tissue, for example in 
order to stimulate a larger number of nerves or brain cells. 
It has been found that in some embodiments, the optical 
stimulation of a single brain cell or a small number of brain 
cells is ine?fective in initiating a neural response, While the 
optical stimulation of a larger number of brain cells is 
e?fective. In some embodiments, delivery of this larger-area 
optical signal includes a single optical Wavelength, While, in 
other embodiments, tWo or more di?ferent Wavelengths are 
used. In some embodiments, an optical lens, holographic 
imager, or other imaging device is used to direct light from 
an optical source (such as a battery-operated laser and/or 
LED) to the larger area that is to be stimulated. In some 
embodiments, a grating (e.g., a distributed Bragg re?ector 
having a characteristic grating spacing chosen to eject light 
from the ?ber along the grating length) is imposed along a 
length (e.g., in various embodiments, 0.1 mm, 0.2 mm, 0.3 
mm, 0.4 mm, 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 
1mm,2mm,3mm,4mm,5mm,6mm,7mm,8mm,9 
mm, 10 mm, 11 mm, 12 mm, 13 mm, 14 mm, 15 mm, 16 
mm, 17 mm, 18 mm, 19 mm, 20 mm, or longer than 20 mm) 
of the delivery end of a ?ber in order that the stimulation 
optical signal is forced to leave the ?ber over a length of the 
grating, in order that the optical signal is directed to neural 
tissue over that length of grating on the ?ber. For discussion 
purposes, the dimension along the ?ber at its emissive end 
is called the X-direction. In some embodiments, a plurality 
of optical ?bers is disposed such that their ends emit light 
across a line perpendicular to their length. For discussion 
purposes, the dimension perpendicular to the ?bers at their 
emissive end is called the Y-direction. In some embodi 
ments, a plurality of ?bers, each having a grating on its end, 
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are placed side-by-side such that light is emitted to a larger 
area, Wherein light has an extent in the Y-direction due to the 
side-by-side spacings of the multiple ?bers and an extent in 
the X-direction due to the lengths of the gratings on each 
?ber. In some embodiments, one or more IR stimulation 
Wavelengths are also chosen to be emitted across di?cerent 
extents along a Z-direction, such that a volume of neural 
tissue having selected extents in the X-direction, Y-direc 
tion, and Z-direction is stimulated using the optical stimu 
lation signal. 
[0060] In some embodiments, a plurality of optical ?bers 
at the delivery tip of the handheld device of the present 
invention is used to deliver optical-stimulation pulses to 
di?cerent points along the same nerve ?ber or bundle at 
di?cerent times. For example, in some embodiments, a ?rst 
?ber A delivers an optical-stimulation pulse to point X A 
along a nerve at a time to, then later a second ?ber B delivers 
an optical-stimulation pulse to point XE further along the 
nerve at a later time t4. In some embodiments, the relative 
timings of the times of the optical-stimulation pulses at t0 
and t4 are selected such that the action potential traveling 
along the nerve is reinforced or strengthened. 
[0061] In some embodiments, one nerve is stimulated 
using di?cerent Wavelengths applied to di?cerent locations 
along the nerve; for example l.8-micron-Wavelength light 
can be applied to a ?rst point and 2.2-micron-Wavelength 
light can be applied to a second point. In some embodiments, 
both the Wavelength and the timing of the light stimulation 
are varied along the nerve. 

[0062] In some embodiments, a diode laser is employed 
for nerve stimulation. This is important because a single 
diode laser is a very loW-cost source compared to free 
electron lasers (FEL), ?ber lasers or pumped solid-state 
lasers and the like. A single emitter is used in some embodi 
ments, but, in other embodiments, may not provide enough 
poWer for certain purposes. In other embodiments, a mul 
tiple-emitter laser-diode device is used, Wherein light from 
a plurality of emitters is directed to a single nerve. In some 
embodiments, a combiner is used to combine light from a 
plurality of emitters into a single ?ber. In some embodi 
ments, one or more side-emitting lasers are employed, While 
in other embodiments surface-emitting lasers are used. In 
some embodiments, a combination of di?cerent laser types is 
used, e.g., based on the need to generate certain combina 
tions of Wavelengths or poWers. 

[0063] In some embodiments, the laser-diode device is 
coupled to one or more optical ?bers that convey the light to 
the location at the nerve for stimulation. In other embodi 
ments, the laser diode itself is positioned at the point of 
stimulation, eliminating the need for the optical ?ber. 
[0064] In some embodiments, a WDM (Wavelength-divi 
sion multiplexing) coupler is used to combine tWo or more 
Wavelengths to be transmitted through a ?ber to be ulti 
mately delivered to nerve tissues. Such couplers combine 
light at di?cering Wavelengths supplied to tWo or more 
optical-?ber ports, to produce a single multi-Wavelength 
beam at an additional optical-?ber port. WDM couplers are 
Well knoWn in the ?eld of telecommunication systems; an 
early example is described in Us. Pat. No. 4,296,995, With 
a more recent example described in Us. Pat. No. 5,796,889. 
In some instances of each of the embodiments described 
herein, a WDM coupler is used to couple light from the 
emitters (e.g., laser diodes or LEDs) into an optical-?ber 
structure. 
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[0065] In at least one embodiment, it is important to make 
the ?ber core’s siZe or siZes small for stimulating smaller 
nerves. More to the point, given the small siZe of some nerve 
?bers, a ?ber core and a laser diameter corresponding to 
(e.g., equal to or smaller than) the diameter of this nerve 
?ber need to be provided. In some embodiments, a ?ber core 
much smaller than the nerve ?ber is used. For example, in 
some embodiments, a ?ber core having a one-micron (or 
smaller) diameter is used. In other embodiments, ?bers 
having core diameters of 100 micrometers or larger are used. 
In some embodiments, the optical ?bers are made of a glass 
such as silica or other suitable material (such as plastic). In 
some embodiments, the optical-?ber bundle used for imag 
ing the tissue being stimulated and observed is made of 
plastic and/or glass ?bers. In some embodiments, multiple 
small-core ?bers can be used to simulate multiple small 
nerves simultaneously or independently. 

[0066] In at least one embodiment, a ?ber-coupling tech 
nique is implemented to increase the brightness of light 
delivered from the battery-operated handpiece by coupling 
light from a plurality of laser emitters (e.g., from a laser 
diode bar) for biological stimulation (i.e., nerve or tissue 
stimulation). Many di?cerent coupling techniques may be 
employed to increase the brightness of a laser-diode bar. For 
example, co- and contra-directional and evanescent coupling 
are some of the coupling techniques knoWn in the art. 

[0067] In some embodiments, a single-emitter laser diode 
(such as an l850-nm Wavelength single emitter available 
from Princeton LightWave company, for example laser diode 
described at WWW.princetonlightWave.com/content/ 
HP%20Single%20Element%20Laser%20version%202.pdf 
or other suitable diode is implemented and used to generate 
laser light of some ef?cacious Wavelength to a particular 
target nerve or tissue. As described elseWhere herein, such 
single-emitter laser diodes may be side-emitting and/or 
surface-emitting laser diodes. 
[0068] In some embodiments, there is a combining and 
co-alignment of a visible Wavelength With the IR-stimula 
tion light in order to provide a visual cue for directing the 
IR-stimulation light used for stimulating a nerve or other 
tissue. Laser light in the IR range (e.g., 700 nm-l850 nm or 
longer) is not visible to the human eye. Due to this fact, as 
a practical matter, this IR optical-stimulation light cannot be 
easily aimed to a particular target (e.g., a nerve ?ber) using 
the naked eye. In some embodiments, visible light (i.e., light 
in the 400 to 700 nm range from a laser diode, L.E.D., or 
other source) is also inserted into the optical ?ber or ?ber 
bundle and used to guide movement of the emitting end of 
the ?ber to aim the IR light so as to alloW the IR light to be 
applied in an e?icacious manner to, for example, stimulate 
a nerve ?ber. In some embodiments, the visible light is 
passed through one or more ?bers or ?ber bundles (i.e., this 
can be using the same ?ber(s) as the IR optical-stimulation 
light, or in other embodiments, using a separate ?ber) so as 
to provide a target spot. 
[0069] Next (or simultaneously), IR light is passed 
through the same one or more ?bers to the same point on a 
nerve ?ber that the visible light previously illuminated or 
currently illuminates. In some embodiments, both the IR 
light and visible light have separate light sources that are 
coupled into a commonly shared optical-?ber structure, 
Whereas, in other embodiments, a separate optical-?ber 
structure is used to channel each Wavelength of light. In 
some embodiments, an optical-?ber structure is used in 
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Which at least some ?bers are used to transmit light of one 
Wavelength, While at least some other ?bers are used to 
transmit light of a different Wavelength (for example, in 
some embodiments, different ?bers are used to carry the 
visible light, the IR-stimulation light, and/or the cutting/ 
ablating/cauteriZing light, and/or to return the imaging light 
obtained from the tissue being targeted). In some embodi 
ments, still other optical ?bers are used to carry control-light 
signals to and from the handpiece, such that an operator 
holding the handpiece can selectively command a remote 
light source to do his/her bidding. As described beloW, in 
some embodiments, these optical-?ber structures are opera 
tively coupled to a glass, ceramic plastic or some other type 
of ferrule or plug made from a non-magnetic material. 

[0070] In some embodiments, the visible laser light is 
selected from one or more Wavelengths empirically selected 
to selectively shoW a visible difference in re?ected bright 
ness When directed at nerve ?bers as compared to blood 
vessels, muscles, connective and other tissues. For example, 
in some embodiments, a combination of red, green and/or 
blue laser or LED light is used. In some embodiments, green 
light has been found to be more effective (as an indicator of 
Where the ?ber delivery head is pointing) than red or blue 
light alone. In some embodiments, a ?ber bundle (With 
plastic and/or glass ?bers) capable of obtaining image 
information and transmitting optical tWo-dimensional color 
imaging to a remote location is used to convey image 
information from the subject (e.g., someone in an MRI 
machine) to a remote vieWing location. In some embodi 
ments, a machine-vision system is used to distinguish color 
features of tissues (e.g., hue, tint, and/or brightness) and/or 
shapes of tissues from a digital or video image, and to 
display an enhanced image (e.g., one using enhanced or 
false-color image information) derived from the image. 
[0071] In some embodiments, an IR video imager is used 
to obtain and display the location of the IR-stimulation 
signal Without the addition of visible-Wavelength light. In 
some embodiments, a ?ber bundle or other structure capable 
of obtaining and transmitting optical tWo-dimensional IR 
imaging to a remote location is used to convey image 
information to a remote IR imager. 

[0072] In some embodiments, a second, high-poWer laser 
signal (called the “surgical signal”) is generated in (e.g., by 
a supplemental laser diode, or by applying more electrical 
poWer to the stimulation laser diode), or coupled through, 
the handpiece to the stimulation area, Wherein the operator 
can stimulate nerve tissue using a ?rst stimulation-Wave 
length-and-poWer optical signal (called the “stimulation 
signal”) to distinguish tissue that is to be saved from tissue 
that is to be cut or destroyed, and then use the high-poWer 
laser light to cut, ablate, or cauteriZe the tissue to be 
destroyed. In some such embodiments, the optical-stimula 
tion signal is provided by a ?rst laser source (e.g., a laser 
diode, optically-pumped ?ber laser, or the like), and the 
optical surgical signal is provided by a second laser source 
of higher intrinsic poWer or energy, or of a different Wave 
length more suited for surgical purposes (e.g., another laser 
diode, optically-pumped ?ber laser, or the like). In other 
embodiments, a single laser source is used for both the 
optical stimulation signal and the optical surgical signal, 
Wherein a parameter of the signal is changed to achieve one 
function or the other (e.g., in some embodiments, the optical 
surgical signal is obtained by shortening the pulse length, for 
example by Q-sWitching, in order that a given amount of 
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energy is delivered in a very short time to ablate a small area 
of tissue, or by lengthening a pulse length having a constant 
average energy or by increasing the number of pulses sent in 
a short time period in order that one or more pulses With a 
given average poWer integrate over time to heat the tissue 
being treated). 
[0073] In some embodiments, the targeting of various 
nerve ?bers is performed manually (e.g., by manually mov 
ing a handpiece to locate the delivery end of an optical ?ber 
so that light energy may be directed on to the nerve to be 

stimulated). 
[0074] In some embodiments, as is disclosed beloW, the 
pulse shapes of the light generated by or controlled from the 
device are controlled through the use of a light-pulse device 
that regulates the light under control of a computer, micro 
processor or CPU (e.g., x86 series, Intel 8051 CMOS series 
utiliZing certain computer-executable instructions stored to a 
computer-readable medium, or under control of a non 
computer, non-programmed electronic circuit). 
[0075] A computer-readable medium is de?ned to be a 
medium for carrying or having computer-executable instruc 
tions or data structures stored thereon. Such computer 
readable media may be any available medium that is acces 
sible by a general-purpose or special-purpose computer 
system. By Way of example, and not limitation, such com 
puter-readable media can include physical storage media 
such as RAM, ROM, or EPROM, removable media such as 
CD-ROM or other optical-disk storage, diskettes, magnetic 
hard-disk storage or other magnetic-storage devices, or any 
other media Which can be used to carry or store desired 
program code means in the form of computer-executable 
instructions, computer-readable instructions, and/ or data 
structures and Which may be accessed by a general-purpose 
or special-purpose computer system; this physical storage 
media may be ?xed to the computer system as in the case of 
EPROM or a magnetic hard drive, or removable as in the 
case of an EEPROM on a USB-connected device (e.g., ?ash 

memory device) or CDROM, DVD, or diskette, or can 
include netWork-connected storage (such as a hard drive 
connected to the intemet. 

[0076] In some embodiments, various methods, systems, 
apparatus or the like are employed to guide the IR light to 
its target nerve ?ber. In some embodiments, a disposable, 
biologically inert, non-metallic and/or non-magnetic optical 
tip at the end of the handpiece is provided. In some embodi 
ments, this tip is adjustable or interchangeable so as to alloW 
for the spot siZe to vary depending on type or location of 
nerve to be stimulated. In some embodiments, this tip is 
con?gured on a light pen, pointer or similar handheld device 
so as to alloW the user to manually target a particular nerve 
?ber or series of ?bers. In some embodiments, this optical 
tip is encased in or af?xed to a disposable plastic sheath 
(e.g., a sterile sheath that is used once for an operation and 
then discarded), Whereas in other embodiments it is encased 
in an end of the aforementioned light pen, pointer or similar 
device. In some embodiments, a sterile disposable sheath is 
applied to the handpiece before each use, and is discarded 
afterwards. In other embodiments, the handpiece, light pen, 
pointer or the light-delivery device itself is provided in a 
sterile condition, and is inexpensive enough to be dispos 
able. 

[0077] In some embodiments, the optical path is selec 
tively interruptible by a mechanical shutter and/or variable 
aperture that alloWs the user to control the passage of laser 
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light (i.e., the visible signal, optical-stimulation signal, opti 
cal surgical signal or the like) through the optical tip. In 
some embodiments, the shutter is used to start and stop the 
light passing through the optical tip. In some embodiments, 
as With the other components that form the delivery end of 
the device, this shutter and/or aperture is made from a 
non-metallic material such as a plastic, ceramic or similar 
material. In some embodiments, the variable aperture is 
adjustable to control the amount of light (e.g., the poWer 
and/or siZe of the spot), Which, in some embodiments, also 
includes the start and stop of the light signal to the target 
tissue. In some embodiments, an iris diaphragm is provided 
to regulate the variable aperture through Which light passes. 
In some embodiments, a non-metallic material such as a 
plastic, ceramic or similar material is used to construct the 
iris diaphragm. In some embodiments, the optical tip is 
secured to, or With, a ferrule or similar. 

[0078] In some embodiments, the How of stimulation 
and/or pointer light, be it IR or visible, is controlled via a 
mechanical linkage incorporated into the above-described 
handpiece, light pen or pointer. In such an embodiment, the 
linkage includes a trigger-like device that, When depressed 
or otherWise manually controlled, controls the How of the 
above-described light. 
[0079] In some embodiments, a sterile, disposable cover 
ing or sheath constructed from plastic, polymer or some 
other substance is placed over the above-described hand 
piece, light pen or pointer. This disposable covering is then 
discarded after use of the handpiece, light pen or pointer. In 
some embodiments, this disposable covering includes one of 
a plurality of different beam-shaping optics that alloW for 
different beam characteristics for different applications. 
[0080] In some embodiments, IR light in a higher or loWer 
Wavelength range may be more or less e?icacious. For 
example, near-IR light (e.g., in the 700-1400 nm Wavelength 
range) may be better for nerve-damage repair (or for cutting, 
ablating or cauteriZing), While short-Wavelength IR light 
(e.g., in the 1400-3000 nm range) may be better for vagus 
nerve stimulation, etc. The ef?cacy of a particular IR Wave 
length can be determined through empirical testing and/or 
modeling. 
[0081] In some embodiments, a poWer controller is imple 
mented that is operable to provide programmable pulse 
shapes (e.g., pulse Width, repetition rate, etc. that can be 
varied in a programmable manner). In some embodiments, 
a laser light source is operatively coupled to a timer or 
pulse-regulating device that controls the shape, magnitude, 
cycles or other features of a light pulse. In some embodi 
ments, this pulse-regulating device is used in conjunction 
With the above-described shutter, While in other embodi 
ments it is used alone. In some embodiments, the pulse 
regulating device is a remote control that is used from 
outside of the magnetic ?eld generated by an MRI device, so 
as to not present a danger to an individual using an MRI 
device, While the hand-held device generating the stimula 
tion light includes a receiver to obtain control information 
from the remote control but is made of materials that are 
compatible With use in the ?eld of the MIR machine. 

[0082] In some embodiments, a thumb/?nger control 
mechanism includes a non-magnetic (e.g., plastic) compo 
nent mechanism that is optically assessed in order to control 
the light source to drive a particular pulse shape (e.g., an 
optical assessment signal (e.g., an unmodulated laser or 
LED light signal) is sent to the component mechanism that 
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is part of the thumb/?nger control mechanism and the state 
of the component mechanism, Which is a function of the 
position of the thumb/?nger control mechanism, changes a 
characteristic of the light and returns it as an optical control 
signal). Speci?cally, Whereas in some embodiments pro 
grammable pulses are automatically generated, in at least 
one embodiment, pulse shapes can be modi?ed using a 
thumb/?nger control that can modify the pulse Width, rep 
etition rate and the like. In some embodiments, a knob, 
toggle or other sWitch is used that alloWs a user to modify 
the pulse Width by turning, for example, a knob to a 
particular position. The use of a knob, toggle or the like to 
modify the various pulse shapes can be determined through 
assessing the ergonomic bene?ts of a particular sWitch and 
sWitch location on the above- described handpiece or light 
pen. 

[0083] In at least one embodiment, a laser-Wavelength 
selective device is implemented to couple the visible light 
and provide poWer control or laser-safety monitoring or 
output-poWer measurement. In some embodiments, this is 
done With a beamsplitter (e.g., a 10%-90%) to couple 10% 
of the visible laser signal into the optical beam having the 
stimulation-Wavelength signal. 
[0084] In some embodiments, the visible-light pointer 
includes a point-to-line or point-to-area beam spreader (e. g., 
a hologram) that generates a centered pattern (e.g., a cross 
hair pattern With perpendicular lines that intersect Where the 
stimulation Will occur) that shoWs Where the IR nerve 
stimulation light Will be (or is) directed, While providing 
better usability for the surgeon or technician by alloWing the 
user to align one of the lines With the nerve. 

[0085] In the discussions of the present invention, for 
brevity many embodiments describe laser diodes that are 
battery-poWered. In any of the embodiments of the present 
invention, the battery can be replaced by another suitable 
self-contained energy-storage device (e.g., battery-like 
devices or other poWer source, such as capacitors, chemical 
energy, rotational ?yWheel energy, spring energy and the 
like that poWer the laser directly (e. g., chemical lasers) or are 
used to generate electricity (e.g., ?yWheel or spring-driven 
electrical generators); and/or a self-contained poWer 
receiver such as a coil for receiving AC magnetic or RF 
energy, a photovoltaic cell for receiving optical energy, and 
the like). Many embodiments, for brevity, describe laser 
diodes as the sources of optical radiation (IR or visible) 
hoWever other embodiments use LEDs or diode-pumped 
rare-ear‘th-doped optical ?ber sources of laser, super-lumi 
nescent, or other radiant energy for the stimulation optical 
beam, the pointer visible beam, or both. Further, the exem 
plary embodiments shoWn include some features in some 
embodiments and not in others. It is to be understood that 
other embodiments of the present invention use combina 
tions of features selected from the various ?gures and 
descriptions to achieve identical or similar operations. 
[0086] FIG. 1A is a block diagram of a battery-operated 
nerve-stimulation laser handpiece system 100A. In some 
embodiments, system 100A uses a battery-operated nerve 
stimulation handpiece 140A. In some embodiments, laser 
diode assembly 111 is operatively coupled to a tip 107 that 
contains one or more light-transmitting optics or lenses 115. 
Some embodiments further include one or more lenses 114 
for beam focusing, collimating, and/or shaping. In some 
embodiments, control of this IR and/or visible light is via 
trigger 108A (Which, in some embodiments, includes one or 






























