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transmitted to the damaged or diseased eye tissue stimulates 
cellular activity in the eye tissue to promote healing. 
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OPHTHALMCPHOTOTHERAPY DEVICE 
AND ASSOCATED TREATMENT METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation-In-Part of U.S. 
application Ser. No. 1 1/106,416, filed Apr. 14, 2005; and a 
Continuation-In-Part of U.S. application Ser. No. 1 1/858, 
351, filed Sep. 20, 2007. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not Applicable 

BACKGROUND OF THE INVENTION 

0003 1. Field of Invention 
0004. This invention relates to an ophthalmic photo 
therapy device and an associated treatment method. More 
specifically, the present invention is related to a device and 
method for exposing an eye to selected wavelengths of light to 
promote the healing of damaged eye tissue. 
0005 2. Description of the Related Art 
0006 Light has various uses within the medical commu 

nity. Exposure of cellular tissue to light is known to modulate 
the activity of such cellular tissue. Different wavelengths of 
light act on different mechanisms within individual cells 
within the cellular tissue to stimulate or Suppress biological 
activity within the cells in a process commonly referred to as 
photobiomodulation. In certain photobiomodulation applica 
tions, commonly known as light therapy or phototherapy, the 
different wavelengths are used to promote healing, revitalize 
and rejuvenate cells, and in some circumstances, stimulate 
cellular regeneration and regrowth. 
0007 Molecules like cytochrome-Coxidase, hemoglobin, 
myoglobin, and nicotinamide adenine dinucleotide (NADH), 
found in cellular tissue, are recognized as photon acceptors 
and serve to initiate biochemical cellular response to photons. 
Additionally, it is recognized that certain biologic quantum 
field effects result from exposing cellular tissue to photonic 
light and that living cells generate low levels of photons, 
called biophotons. These biophotons are non-thermal in 
nature and are coupled to physiological functions in the cel 
lular tissue. Biophotons represent regulatory activity from 
chemical reactivity within a cell and also perform regulatory 
activity over a given cellular tissue to promote cell growth and 
differentiation, and to provide intercellular and intracellular 
communication, such as for example, synchronicity in bio 
function between cells. Such biophotons within a cellular 
tissue can be simulated by photonic light of one or more 
specific wavelengths from a source external to the cellular 
tissue. Such photonic light, when exposed to the cellular 
tissue, results in promotion of regulatory activity within the 
cells of the exposed cellular tissue. 
0008 Thus, it is generally accepted that cell activity can be 
up-regulated and down-regulated by specific wavelengths of 
low intensity light. The up-and down-regulation of cell activ 
ity through photobiomodulation is used to suppress cytok 
ines, block the matrix metalloproteinases (MMP) cascade, 
Suppress interleukins (IL) and tissue necrosis factors, and 
decreasing inflammation of cellular tissue. Photobiomodula 
tion is also used to affect mitochondrial density and activity, 
cell proliferation and adhesiveness, and DNA and RNA pro 
duction. Phototherapy has been shown to affect vascular 

Oct. 30, 2008 

endothelial growth factor (VEGF) expression (both enhance 
ment and Suppression) and to protect againsta wide variety of 
toxins, such as chemical, ionizing, and bacteriologic toxins. 
0009. At least some of the known effects of the various 
wavelengths on body tissues are as follows. Light in the 
yellow range (approximately 577 nm to 597 nm) has been 
shown to Switch off collagenase production by down-regu 
lating MMPs and Switching on new collagen production. 
Collagenases are enzymes that break down the native col 
lagen that holds animal tissue together. Thus, use of light in 
the yellow range for phototherapy ultimately results in 
increased cohesion of cells in animal tissue. Light in the red 
range (approximately 640 nm to 700 nm) has been shown to 
decrease inflammation in injured tissue, increase ATP pro 
duction, and otherwise stimulate beneficial cellular activity. 
Light in the blue range (approximately 405 nm to 450 nm) has 
been shown to kill various microorganisms. For example, 
light in the blue range has been shown to kill the propioni 
bacterium that causes acne by activating the porphyrins pro 
duced by the bacteria. Accordingly, phototherapy has been 
utilized to treat infants for jaundice (e.g., U.S. Pat. No. 6,811, 
563), to treat acne and other skin conditions (e.g., U.S. Pat. 
No. 6,387,089), to treat rhinitis (e.g., U.S. Pat. No. 5,683, 
436), and to treat traumatic tissue injuries (e.g. U.S. Pat. No. 
6,471,716). 
0010 Photobiomodulation also requires the use of light 
with Suitable intensity, energy, and wavelengths, the combi 
nation of which allows light of the selected wavelengths to 
penetrate the cellular tissue and activate the desired cellular 
mechanism without significantly causing damage to the cells. 
The combination of characteristics suitable for photobio 
modulation applications are distinct from those of light used 
in other applications. Other applications use high-energy, 
high-intensity light Sources, e.g., excimer lasers, that are 
destructive as opposed to regenerative, because the light emit 
ted is so intense that, as the laser light penetrates the cellular 
tissue, the cells become burned, melted, or otherwise 
destroyed. General purpose lighting, such as an incandescent 
light, uses low-energy light sources ranging in intensity that is 
incapable of sufficiently penetrating the cellular tissue, which 
results in superficial exposure of the cellular tissue to the 
low-energy light and, therefore, reduced photobiomodulation 
effects. Further, an incandescent light produces numerous 
wavelengths and the wavelengths are not subject to indepen 
dent control, which results in unpredictable modulation of the 
cellular activity within the exposed cellular tissue. High 
intensity light of Sufficient energy to properly penetrate the 
cellular tissue and initiate photobiomodulation tends to burn 
and/or melt the cellular tissue prior to the completion of a 
phototherapy treatment. Hence, light appropriate for use in 
phototherapy should exhibit both a relatively low intensity, so 
as not to destroy the exposed cells, and a relatively high 
energy, so as to allow for Sufficient penetration of light into 
the exposed cellular tissue such that the activities of a desired 
portion of cells within the exposed cellular tissue are photo 
biomodulated. 

0011. One device which is known to produce relatively 
low-intensity, high-energy light Suitable for use in photo 
therapy is the light-emitting diode (LED). Several commer 
cial phototherapy devices are available including devices 
which utilize LEDs, including the Gentlewaves(R LED Pho 
tomodulation Device manufactured by Light BioScience, 
LLC, which includes a panel of LEDs for treating skin con 
ditions, and the Flip4 Max7 LED device which incorporates 
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an LED panel capable of producing multiple wavelengths of 
light, and which is also marketed for treating skin conditions. 
Further, the U.S. military and NASA have utilized small 
hand-held devices incorporating LED arrays that are used to 
reduce inflammation and to promote healing in damaged skin 
tissue. Light from such LED devices has been shown to 
exhibit the low-intensity and high-energy characteristics 
appropriate for use in photobiomodulation. 
0012 Various laser devices have been used in the field of 
opthalmology for the purposes of ablating and cutting eye 
tissue during laser-assisted Surgery on an eye. Likewise, Vari 
ous laser devices have been used to melt or otherwise liquefy 
eye tissue Surrounding a Surgical wound in order to establish 
a weld or other such seal in the surgical wound. However, in 
order to fix certain eye problems, these destructive uses of 
light cause other damage to the eye tissue, but this damage is 
of the type that can be healed by the body's normal recupera 
tive mechanisms over time. In addition, a device using LEDs 
has been utilized in the field of opthalmology in an effort to 
strengthen corneal tissue. However, this device utilizes LEDs 
producing wavelengths falling in the middle to far ultraviolet 
ranges (approximately 100 nm to 300 nm) to induce cross 
linking of corneal collagen and thereby stiffen the cornea of 
the eye. Thus, this process, in effect, ages the corneal tissue, 
as opposed to facilitating the production of new, “normal” 
tissue. Therefore, the process is not one in which healing of 
eye tissue is promoted. Accordingly, none of the known pho 
totherapy mechanisms are used for promoting the healing, 
regrowth, or regeneration of eye tissue or for alleviating dis 
comfort associated with damaged eye tissue within the field 
of opthalmology. 

BRIEF SUMMARY OF THE INVENTION 

0013 The present invention provides an ophthalmic pho 
totherapy device, and an associated phototherapy method, for 
promoting healing of damaged eye tissue. The ophthalmic 
phototherapy device includes a light emitting mechanism for 
transmitting light of at least one preselected wavelength to the 
damaged eye tissue, whereby the light transmitted to the eye 
tissue stimulates activity in the eye tissue to promote healing. 
The light emitting mechanism can include a light panel hav 
ing a plurality of light emitting diodes (LEDs) for emitting 
light. In one embodiment the device has a first set of LEDs 
capable of emitting light having a first wavelength, and at 
least a second set of LEDs capable of emitting light having a 
second wavelength. Further, a controller is provided for selec 
tively controlling which LEDs are energized at any given 
time. Such that different sequences and/or combinations of 
light wavelengths can be selectively communicated to the eye 
tissue being treated. 
0014. The ophthalmic phototherapy method of the present 
invention includes identifying a treatable portion of cellular 
tissue in an eye. The identified portion of damaged eye tissue 
is exposed to light of at least one preselected wavelength for 
a preselected period of time to photobiomodulate cellular 
activity in the cellular tissue to promote healing. Further, in 
one application of the method, the tissue is exposed to light of 
a plurality of wavelengths either sequentially, or in combina 
tion. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0.015 The above-mentioned features of the invention will 
become more clearly understood from the following detailed 
description of the invention read together with the drawings in 
which: 
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0016 FIG. 1 is a perspective view of an ophthalmic pho 
totherapy device of the present invention; 
0017 FIG. 2 is a front elevation view of an ophthalmic 
phototherapy device of FIG. 1; 
0018 FIG. 3 is a perspective view of another embodiment 
of an ophthalmic phototherapy device of the present inven 
tion; 
0019 FIG. 4 is a side elevation view of another embodi 
ment of an ophthalmic phototherapy device of the present 
invention, showing the ophthalmic phototherapy device 
mounted on a slit lamp; 
0020 FIG. 5 is a block diagram of a power/control system 
for an ophthalmic phototherapy device of the present inven 
tion; and 
0021 FIG. 6 is a flow diagram showing one embodiment 
of the method of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0022. An ophthalmic phototherapy device is illustrated 
generally at 10 in the drawings. As will be discussed in detail 
below, the ophthalmic phototherapy device 10 produces light 
of a selected wavelength, or sequences or combinations of 
light having differing wavelengths within a particular range 
of wavelengths. In accordance with the ophthalmic treatment 
method of the present invention, the light emitted by the 
phototherapy device 10 is directed into the eye of a patient to 
promote healing of damaged eye tissue. 
0023 FIG. 1 illustrates one embodiment of the ophthalmic 
phototherapy device 10. The ophthalmic phototherapy device 
10 incorporates a light emitting mechanism that includes a 
light panel 12 incorporating a plurality of light sources 14 that 
emit light having the desired wavelengths. The light panel 12 
is mounted in a housing 16 that is configured to facilitate use 
of the device 10. A switch 20 allows the operator to control the 
production of light. In one embodiment, the light sources are 
LEDs. It will be appreciated that other mechanisms capable 
of emitting light of a desired wavelength, intensity, and 
energy can be used, and that the use of the term LEDs 14 
throughout the application is not intended to limit the avail 
able mechanisms for producing the desired light. For 
example, the light emitting mechanism could include a low 
power laser source for generating light of the appropriate 
wavelength(s), or one or more filtered incandescent or fluo 
rescent lights. In the illustrated embodiment, the ophthalmic 
phototherapy device 10 is configured for hand-held use. How 
ever, those skilled in the art will recognize that the ophthalmic 
phototherapy device can be either hand-held or mounted on 
an operatively associated medical device or other supporting 
structure without departing from the scope and spirit of the 
present invention. 
0024 FIG. 2 is an front elevation view of the phototherapy 
device 10. With respect to the particular LEDs used in the 
panel 12, and as will be discussed further below, one approxi 
mate range of wavelengths desirable for ophthalmic photo 
therapy is between 300 nm and 1000 nm. However, other 
wavelengths may be beneficial for certain applications. Thus, 
depending on the particular therapeutic application, the panel 
12 can be configured to have a plurality of LEDs 14 that 
produce the same wavelength of light within a desired range, 
or the panel 12 can incorporate selected combinations of 
LEDs 14 capable of producing light of differing wavelengths 
within a desired range. As will be discussed further below, 
where selected combinations of LEDs 14 are used which 
produce different wavelengths, the operator of the device 10 
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can select among wavelengths to be emitted within a desired 
range. Alternatively, where the ability to select between the 
wavelengths of the light emitted is desired, the panel 12 could 
incorporate LEDs 14 that produce a common wavelength and 
conventional filters (not shown) could be used to alter the 
wavelength to that desired. 
0025. In FIG.3 an alternate embodiment of the ophthalmic 
phototherapy device of the present invention is illustrated at 
10'. It will be noted that features of the device 10' that are 
common to the device 10 are referenced with common prime 
numerals. Those skilled in the art will recognize that certain 
hand-held ophthalmic instruments, such as retinoscopes and 
opthalmoscopes, utilize interchangeable, detachable handles 
which incorporate rechargeable batteries. The ophthalmic 
phototherapy device 10' includes a housing 16' that detach 
ably couples with Such an interchangeable, rechargeable bat 
tery handle 22. Thus, the device 10' utilizes a power supply 
which is commonly available to ophthalmic health care pro 
fessionals, and does not require a recharging system that is 
unique to the phototherapy device. 
0026. A further alternate embodiment of the ophthalmic 
phototherapy device of the present invention is illustrated at 
10" in FIG. 4. In this regard, it will be noted that features of the 
device 10" that are common to the device 10 are referenced 
with common double prime numerals. As illustrated, the oph 
thalmic phototherapy device 10" includes an articulated arm 
24 that allows the device 10" to be adjustably mounted on a 
piece of operatively associated ophthalmic equipment Such as 
the illustrated slit lamp 26. Although, the device 10" is illus 
trated as being mounted on a slit lamp 26 in FIG. 4, it will be 
understood that the device 10" could be mounted on various 
other pieces of equipment or structures. For example, and as 
will be discussed further below, in one embodiment, the 
device 10" is mounted proximate the head of an excimer laser 
such that device 10" can be utilized immediately before, 
during and/or after laser eye Surgery. 
0027. Whereas the articulated support arm 24 defines vari 
ous jointed configurations which allow the device 10" to be 
selectively positioned at various locations while being Sup 
ported on associated ophthalmic equipment or other struc 
tures, the illustrated arm 24 includes a first arm section 28 
having first and second end portions 30 and 32, respectively. 
The first end portion 30 is pivotally secured to the slit lamp 26 
or other Supporting structure, such that the arm 24 can be 
selectively pivoted in a substantially horizontal plane. The 
second end portion 32 of the first arm section 28 is pivotally 
secured to the first end portion 36 of a second arm section 34 
Such that the second arm section 34 pivots in a Substantially 
vertical plane. Further, the second arm section 34 is pivotally 
secured proximate its second end portion 38 to a bracket 40 
provided on the housing 16" such that the housing 16" and the 
light panel 12" pivot in a substantially vertical plane which is 
Substantially perpendicular to the plane in which the second 
arm section 34 pivots. 
0028. It will be recognized that various mechanisms could 
be used for pivotally securing the first arm section 28 to a 
Supporting structure, for pivotally securing the first arm sec 
tion 28 to the second arm section 34, and for pivotally secur 
ing the second arm section 34 to the bracket 40. However, as 
illustrated in FIG. 4, in one embodiment an attachment struc 
ture 42 is provided that is secured to the Supporting structure, 
as by an adhesive or by mechanical fasteners (not shown), and 
a threaded fastener 44 having a locking knob 48 is used to 
pivotally, and lockably, secure the first end portion 30 of the 
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first arm section 28 to the attachment structure 42. A second 
threaded fastener 50 having a locking knob 52 is provided for 
pivotally, and lockably, securing the secondarm section 34 to 
the first arm section 28, and a third threaded fastener 54, with 
a locking knob 56, is provided for pivotally, and lockably, 
securing the secondarm section 34 to the bracket 40. Thus, it 
will be recognized that the articulated support arm 24 allows 
the light panel 12" to be pivoted to a position where it does not 
interfere with the use of the equipment on which it is 
mounted, and allows the light panel 12" to be pivoted into 
position to emit light into the eye of a patient when needed. 
Whereas the ophthalmic phototherapy device 10 and device 
10' could be used in conjunction with laser eye surgery, it will 
be recognized that use of the device 10" with its articulated 
Support arm 24 is particularly advantageous. In this regard, 
the articulated support arm 24 allows the device 10" to be 
mounted proximate a laser Surgery apparatus such that both 
immediately prior to and immediately following the Surgical 
procedure, the panel 12 can be rotated into position to emit 
light into the eye to promote healing. 
0029 FIG. 5 illustrates a block diagram of the ophthalmic 
phototherapy device 10. The ophthalmic phototherapy device 
10 includes a power Supply 18 for energizing the light panel 
12 in response to operation of the switch 20 for which selec 
tively connects and disconnects the light panel 12 and the 
power supply 18 to turn the panel 12 on and off. In one 
embodiment, the power Supply is a battery (not shown) that is 
preferably rechargeable. In other embodiments, suitable cir 
cuitry is provided for connecting the device to a conventional 
AC power supply such as a wall outlet. In addition, as will be 
discussed below with respect to the phototherapy method of 
the present invention, several embodiments of the ophthalmic 
phototherapy device 10 allow selective control of the wave 
length of the light emitted by the device 10, as well as the 
duration of a patient’s exposure to the light emitted, and the 
energy and intensity of the light emitted. Accordingly, the 
ophthalmic phototherapy device 10 illustrated in FIG. 5 
includes a power/control system 58 that includes a controller 
60 for activating and/or deactivating the LEDs. In several 
embodiments, the controller 60 includes a timer for automati 
cally turning the LED's off after a preselected period of time. 
The controller 60 also controls the energy output of the LEDs 
14 and the intensity of the output light, and, where LEDs 14 
emitting light of different wavelengths are used, which LEDs 
are lit at any given time. Further, in another embodiment the 
controller 60 allows different LEDs to be lit in a desired 
sequence, or in a pulsed format. In one embodiment, the 
controller is implemented in discrete circuits, either analog or 
digital, designed to perform the various functions. In another 
embodiment, the controller is implemented using any proces 
Sor device or other similar device providing the necessary 
logic and control functions. 
0030) Referring to FIG. 6, the phototherapy method 76 of 
the present invention includes generally identifying a treat 
able portion of cellular tissue in an eye 62, such as a damaged 
portion of cellular tissue, or a portion of cellular tissue in 
which imminent damage is anticipated. Once a treatable por 
tion of cellular tissue is identified, treatment is performed 74 
by directing light of at least one preselected wavelength to 
cells forming at least a portion of the cellular tissue to be 
treated. The wavelength composition of the light directed to 
the cellular tissue during treatment is preselected so that 
exposure of the cellular tissue to the light results in photobio 
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modulation of the cellular activity of at least a portion of the 
cells forming the cellular tissue, such that healing of the 
cellular tissue is promoted. 
0031. The approximate range of wavelengths desirable for 
ophthalmic phototherapy correspond to portions of the vis 
ible and invisible infrared spectrum ranging from blue light to 
near-infrared and infrared light, in other words, light having 
wavelengths between approximately 300 nm and 1000 nm, 
and preferably between 490 nm and 810 nm. However, both 
the general and preferred ranges are not intended to be limit 
ing as wavelengths outside of these ranges may be helpful for 
certain treatment applications. The particular wavelength 
used varies depending on the injury or eye condition being 
treated. For example, light in the yellow range (approxi 
mately 577 nm to 597 nm) has been shown to switch off 
collagenase production by down-regulating MMP production 
and to Switch on new collagen production. In the field of 
opthamology, yellow light having a wavelength of approxi 
mately 590 nm has been found to be beneficial for treating 
corneal trauma when directed into a traumatized cornea. Red 
light (approximately 640 nm to 700 nm) has been found to 
decrease inflammation of tissue in the eye, increase ATP 
production, and reset cellular activity to cause abnormal cells 
to exhibit more normal behavior. Further, a preselected 
sequence or combination of wavelengths can be advanta 
geously used in certain conditions. For example, a sequence 
or combination of infrared or near-infrared light, red light, 
and yellow light directed into the eye at a dosage of approxi 
mately 4 joules/sq cm has been found to be beneficial for 
treating glaucoma. Similar dosages of sequences or combi 
nations of infrared or near-infrared light, red light, and yellow 
light have been found to stimulate the cells in the trabecular 
meshwork to produce macrophages that then reduce the pig 
ment cells clogging the meshwork of the eye, thereby allow 
ing the eye to drain. 
0032. The duration of the phototherapy treatments varies 
depending on the particular eye condition being treated. Ben 
eficial tissue response can be obtained from dosages of less 
than 4.joules/sq. cm, such that the duration of treatment can be 
relatively short. Exposure times of less than one minute can 
be beneficial, with exposure times in excess of 10 minutes 
being contemplated. For example, to achieve approximate 
dosages of less than 4 joules/sq. cm, treatment duration could 
vary between under a minute to approximately 10 minutes, 
depending upon the output power and intensity of the light 
source utilized. Further, although phototherapy treatments of 
less than 0.1 joules/sq. cm, and having durations of 40 sec 
onds or less, have been shown to be beneficial, longer treat 
ments may be desirable to provide additional benefit, or to 
allow for larger dosages of light energy per unit area of 
cellular tissue. Of course, it will be understood by one skilled 
in the art that beneficial tissue response can be obtained from 
dosages of light energy greater than 4.joules/sq. cm, and Such 
dosages may be used without departing from the spirit and 
Scope of the present invention. 
0033 FIG. 6 is a block diagram of one method 76 for 
promoting healing of eye tissue. In the illustrated embodi 
ment, the method begins with a wavelength selection step 78, 
involving the selection of one or more wavelengths of light for 
use in the method 76. As discussed above, the particular 
wavelengths selected for use depends upon the desired cellu 
laractivity to be stimulated through application of the method 
76. For example, in one embodiment, wavelengths in the red 
and near-infrared spectrums are selected to suppress inflam 
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mation of the eye tissue. In another embodiment, wavelengths 
in the yellow spectrum are selected to Suppress collagenase 
production and to stimulate new collagen production. In still 
another embodiment, wavelengths in multiple color spec 
trums are selected to stimulate multiple desired cellular 
activities in the treated eye tissue. 
0034. In a dosage selection step 80, a suitable dosage of 
light is selected for use in the method 76 for the selected 
wavelength. In the illustrated embodiment, selection of the 
dosage 80 includes selection of amount of light energy 82 to 
be delivered over a selected period of time 84 at a selected 
intensity 86. However, it will be understood that other factors, 
such as for example the topical area of cellular tissue to be 
treated, diffusion of the light to be applied, and other such 
factors, may be selected during the selection of dosage 80 
without departing from the spirit and scope of the present 
invention. A light source is provided which is capable of 
generating a beam of light having the characteristics selected 
during the dosage selection step 80. At a treatment phase 74. 
the light source is used to generate a beam of light 88 having 
the characteristics selected during the dosage selection step 
80. In the illustrated embodiment, a beam of light is generated 
88 having the energy, duration, and intensity characteristics 
selected in the dosage selection step 80. Of course, it will be 
understood that the particular characteristics of the generated 
beam of light depend upon the specific factors selected during 
the dosage selection step 80. At a direction step 90, the beam 
of light 88 is directed to a portion of eye tissue to be treated. 
Upon exposure of cells in the eye tissue to the beam of light 
88, at least a portion of the cells are stimulated to undergo at 
least one desired cellular activity corresponding to the 
selected wavelength. In this way, cellular activity useful in 
promotion of healing of the eye tissue is stimulated. 
0035. In another embodiment, illustrated in FIG. 7, the 
method 76' is used for promoting healing of eye tissue both 
before and after performing a medical procedure on the eye to 
correct vision problems. In the illustrated embodiment, the 
method begins with an optional pretreatment dosage selec 
tion step 92, wherein a dosage is selected for an optional 
pretreatment step 72. The pretreatment step 72 involves 
directing light of one or more selected wavelengths of 
selected energy, duration, and intensity characteristics into 
the cornea of the patient's eye in order to stimulate the eye 
tissue to engage in cellular activity beneficial to healing. In 
one embodiment, the light uses wavelengths in the red and 
near-infrared spectrums to Suppress inflammation of the eye 
tissue during and after Surgery. In another embodiment, the 
light used in the pretreatment step 72 uses wavelengths in 
both the yellow and red spectrums to Suppress inflammation 
of the eye tissue during and after Surgery, to Suppress colla 
genase production, and to stimulate new collagen production. 
0036. In a damage phase 62, a medical procedure for cor 
recting vision problems is performed, thereby damaging a 
portion of eye tissue. The medical procedure of the illustrated 
embodiment uses laser Surgery of the epithelium and stroma 
portions of the cornea of the eye, a laser-assisted in situ 
keratomileusis procedure commonly referred to as LASIK 
eye Surgery as an example. The LASIK procedure involves 
the step 64 of cutting a flap in the epithelium of the cornea of 
an eye while leaving the eye tissue at one end of the flap uncut. 
It will be appreciated by those familiar with LASIK that a 
knife, referred to as a microkeratome, or a laser, Such as the 
IntraLaseTM femtosecond (1054 nm) laser, can be used to cut 
the flap 64. In a folding step 66, the uncut tissue serves as a 
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hinge that allows the flap to be folded back to reveal the 
stroma, or middle section of the cornea. A reshaping step 68 
uses pulses from a computer controlled excimer laser to 
vaporize a portion of the stroma and reshape the cornea. The 
LASIK procedure ends with a flap replacement step 70 in 
which the flap of epithelium tissue is replaced 70. 
0037. To this extent, in the illustrated embodiment, the 
damage phase 62 includes performing LASIK eye Surgery on 
an eye. However, while the embodiment of the method in 
FIG. 7 illustrates the performance of laser eye surgery at the 
damage phase 62, it will be understood that the phototherapy 
method of the present invention can also be beneficially used 
to promote healing of eye tissue in connection with various 
other eye conditions. For example, the method 76' is also 
effective in promoting healing in connection with LASIK or 
Epi-Lasik procedures, corneal inlays, corneal transplants 
(penetrating keratoplasty or PKP), cataract and intraocular 
implant (IOL) Surgery, and glaucoma Surgery. Utilized during 
or after Such procedures, the present phototherapy method 
reduces healing time and the need for extended use of post 
operative drugs such as steroids. Moreover, the phototherapy 
method of the present invention is useful in promoting heal 
ing of damaged eye tissue whether the damage is the result of 
disease, accident, Surgery, or other Such occurrences. To this 
extent, in another embodiment, the damage phase 62 is 
accomplished by allowing a portion of cellular tissue in an 
eye to become damaged or diseased. 
0038. Following the damage phase 62, a treatment dosage 
selection step 80 is performed. As discussed above, selection 
of the treatment dosage 80 includes selection of an amount of 
light energy to be delivered over a selected period of time at a 
selected intensity. In a treatment step 74, light of a selected 
wavelength is directed into the cornea of the patient's eye in 
accordance with the selected treatment dosage 80 for photo 
biomodulating the damaged eye tissue to promote healing 
and Suppress inflammation. 
0039. Whereas numerous wavelengths are beneficial dur 
ing the optional initial step 72, the yellow range of wave 
lengths (approximately 577 nm to 597 nm) is particularly 
beneficial for treatment 74 of the eye tissue after laser eye 
Surgery. Thus, in one embodiment, the light directed into the 
patient's eye 72 subsequent to replacement of the epithelial 
flap 70 is preselected to exhibit a wavelength in the yellow 
spectrum, having a range of approximately 577 nm and 597 
nm. In another embodiment, the light directed into the 
patient's eye 72 subsequent to replacement of the epithelial 
flap 70 is preselected to exhibit a wavelength between the 
range of approximately 577 nm and 1000 nm. In more dis 
creet embodiments, the light directed into the patient’s eye72 
following laser surgery 62 is preselected to exhibit multiple 
wavelengths in the yellow light spectrum, having ranges of 
between approximately 577 nm to 597 nm, and the red and 
near-infrared spectrum, having ranges between approxi 
mately 640 nm to 1000 nm. 
0040. In light of the above, it will be recognized that the 
ophthalmic phototherapy devices 10, 10", and 10" are particu 
larly well suited for administering phototherapy to the eye of 
a patient. It will be noted that use of the ophthalmic photo 
therapy device 10", with its articulated support arm 24, can be 
particularly useful in applying phototherapy in accordance 
with the present method 76' subsequent to laser eye surgery 
62. In this regard, the articulated support arm 24 allows the 
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panel 12" to be rotated into position to emit light into the 
patient's eye immediately upon completion of the Surgical 
procedure. 
0041 While the present invention has been illustrated by 
description of several embodiments and while the illustrative 
embodiments have been described in considerable detail, it is 
not the intention of the applicant to restrict or in any way limit 
the scope of the appended claims to Such detail. Additional 
advantages and modifications will readily appear to those 
skilled in the art. The invention in its broader aspects is 
therefore not limited to the specific details, representative 
apparatus and methods, and illustrative examples shown and 
described. Accordingly, departures may be made from Such 
details without departing from the spirit or scope of appli 
cant's general inventive concept. 

Having thus described the aforementioned invention, what 
is claimed is: 

1. An ophthalmic phototherapy method for stimulating 
desired cellular activity useful in promoting the healing of 
damaged eye tissue, said method comprising the steps of 

(a) selectinga wavelength for treatment of the damaged eye 
tissue, said wavelength adapted to cause activation of a 
desired cellular activity in the damaged eye tissue; 

(b) selecting a dosage for treatment of the damaged eye 
tissue, said dosage comprising a selected energy deliv 
ered over a selected period of time at a selected intensity 
for said selected wavelength, said selected energy being 
Sufficient to penetrate into the damaged eye tissue, said 
selected intensity being low enough to minimize further 
damage to the damaged eye tissue; 

(c) providing a light source adapted to produce a beam of 
light having said selected wavelength, said selected 
energy, and said selected intensity for said selected 
period of time; 

(d) generating said beam of light; and 
(e) directing said beam of light at the damaged eye tissue 

according to said selected dosage; 
whereby the activation of desired cellular activity useful in 

healing of the damaged eye tissue is promoted. 
2. The ophthalmic phototherapy method of claim 1, 

wherein said wavelength is between approximately 300 nm 
and approximately 1000 nm. 

3. The ophthalmic phototherapy method of claim 1, 
wherein said wavelength is between approximately 577 nm 
and approximately 597 nm. 

4. The ophthalmic phototherapy method of claim 1, 
wherein said wavelength is selected to activate a decrease in 
production of collagenase in the damaged eye tissue. 

5. The ophthalmic phototherapy method of claim 1, 
wherein said wavelength is selected to activate a decrease in 
inflammation of cellular tissue in the damaged eye tissue. 

6. An ophthalmic phototherapy method for stimulating 
desired cellular activity useful in promoting the healing of 
damaged eye tissue, said method comprising the steps of 

(a) selecting a first wavelength for pretreatment of eye 
tissue, said first wavelength adapted to cause activation 
of a first desired cellular activity in the eye tissue; 

(b) selecting a first dosage for pretreatment of the eye 
tissue, said first dosage comprising a first selected 
energy delivered over a first selected period of time at a 
first selected intensity for said first selected wavelength, 
said first selected energy being Sufficient to penetrate 
into the eye tissue, said first selected intensity being low 
enough to minimize damage to the eye tissue; 
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(c) providing a light source adapted to produce a first beam 
of light having said first selected wavelength, said first 
Selected energy, and said first selected intensity for said 
first selected period of time; 

(d) generating said first beam of light; 
(e) pretreating at least a portion of the eye tissue by direct 

ing said first beam of light at the eye tissue according to 
said first selected dosage; 

(f) allowing at least a portion of the cellular tissue to 
become damaged; 

(g) selecting a second wavelength for treatment of the 
damaged eye tissue, said second wavelength adapted to 
cause activation of a second desired cellular activity in 
the damaged eye tissue; 

(h) selecting a second dosage for treatment of the damaged 
eye tissue, said second dosage comprising a second 
Selected energy delivered over a second selected period 
of time at a second selected intensity for said second 
Selected wavelength, said second selected energy being 
Sufficient to penetrate into the damaged eye tissue, said 
second selected intensity being low enough to minimize 
further damage to the damaged eye tissue; 

(i) providing a light source adapted to produce a second 
beam of light having said second selected wavelength, 
said second selected energy, and said second selected 
intensity for said second selected period of time; 

(i) generating said second beam of light; and 
(k) treating at least a portion of the eye tissue by directing 

said second beam of light at the damaged eye tissue 
according to said second selected dosage; 

whereby the activation of desired cellular activity useful 
healing of the damaged eye tissue is promoted. 

7. The ophthalmic phototherapy method of claim 6, 
wherein said step of allowing the eye tissue to become dam 
aged includes performing laser eye Surgery on the eye, 
thereby damaging the cornea of the eye. 

8. The ophthalmic phototherapy method of claim 6 
wherein each of the first and second selected wavelengths is 
between approximately 300 nm and approximately 1000 nm. 

9. The ophthalmic phototherapy method of claim 6 
wherein the first wavelength is selected to be between 
approximately 640 nm and approximately 700 nm, and 
wherein the second wavelength is selected to be between 
approximately 577 nm and approximately 597 nm. 

10. The ophthalmic phototherapy method of claim 6, 
wherein said first wavelength is selected to activate a decrease 
in inflammation of the eye tissue. 

11. The ophthalmic phototherapy method of claim 6, 
wherein said second wavelength is selected to activate a 
decrease in production of collagenase in the damaged eye 
tissue. 

12. The ophthalmic phototherapy method of claim 6, 
wherein said second wavelength is selected to activate a 
decrease in inflammation of cellular tissue in the damaged eye 
tissue. 

13. An ophthalmic phototherapy method for stimulating 
desired cellular activity useful in promoting the healing of a 
cornea of an eye following laser eye Surgery, said method 
comprising the steps of 

(a) selecting a first wavelength for pretreatment of the 
cornea, said first wavelength adapted to cause activation 
of a first desired cellular activity in the cornea; 

(b) selecting a first dosage for pretreatment of the cornea, 
said first dosage comprising a first selected energy deliv 
ered over a first selected period of time at a first selected 
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intensity for said first selected wavelength, said first 
Selected energy being Sufficient to penetrate into the 
cornea, said first selected intensity being low enough to 
minimize damage to the cornea; 

(c) providing a light Source adapted to produce a first beam 
of light having said first selected wavelength, said first 
Selected energy, and said first selected intensity for said 
first selected period of time; 

(d) generating said first beam of light; 
(e) pretreating the cornea by directing said first beam of 

light at the cornea according to said first selected dosage; 
(f) cutting a flap in the cornea and folding back the flap to 

reveal the stroma of the cornea; 
(g) using a laser to vaporize a portion of the stroma to 

facilitate the reshaping of the cornea; 
(h) replacing the flap; 
(g) selecting a second wavelength for treatment of the 

cornea, said second wavelength adapted to cause activa 
tion of a second desired cellular activity in the cornea; 

(h) selecting a second dosage for treatment of the cornea, 
said second dosage comprising a second selected energy 
delivered over a second selected period of time at a 
second selected intensity for said second selected wave 
length, said second selected energy being Sufficient to 
penetrate into the cornea, said second selected intensity 
being low enough to minimize further damage to the 
COrnea, 

(i) providing a light source adapted to produce a second 
beam of light having said second selected wavelength, 
said second selected energy, and said second selected 
intensity for said second selected period of time; 

(i) generating said second beam of light; and 
(k) treating the cornea by directing said second beam of 

light at the cornea according to said second selected 
dosage; 

whereby the activation of desired cellular activity useful 
healing of the cornea is promoted. 

14. The ophthalmic phototherapy method of claim 13 
wherein each of the first and second wavelengths is selected to 
be between approximately 300 nm and approximately 1000 

. 

15. The ophthalmic phototherapy method of claim 14 
wherein the first wavelength is selected to be between 
approximately 640 nm and approximately 700 nm, and 
wherein the second wavelength is selected to be between 
approximately 577 nm and approximately 597 nm. 

16. The ophthalmic phototherapy method of claim 13, 
wherein said step of treating at least a portion of the cornea 
includes stimulating at least a portion of cells in the cornea to 
decrease inflammation of the cellular tissue. 

17. The ophthalmic phototherapy method of claim 13, 
wherein said first wavelength is selected to activate a decrease 
in production of collagenase in the damaged eye tissue. 

18. The ophthalmic phototherapy method of claim 13, 
wherein said first wavelength is selected to activate a decrease 
in inflammation of the eye tissue. 

19. The ophthalmic phototherapy method of claim 13, 
wherein said second wavelength is selected to activate a 
decrease in production of collagenase in the damaged eye 
tissue. 

20. The ophthalmic phototherapy method of claim 13, 
wherein said second wavelength is selected to activate a 
decrease in inflammation of cellular tissue in the damaged eye 
tissue. 


