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ABSTRACT

A flexible light treatment head comprising one or more light source modules interconnected by a
hinge apparatus along a flexing edge thereof. The light source modules have light emitting
elements, such as LEDs or LASERSs. The hinge apparatus comprises one or more hinges. Each
hinge has a head wiring channel disposed to form a continuous wiring channel along the hinge

apparatus. A head wiring channel is also provided for routing wires into the light source module.
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FLEXIBLE LIGHT TREATMENT HEAD
FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of light treatment therapy and

more specifically to a flexible light treatment head for such therapy.

DESCRIPTION OF THE PRIOR ART

[0002] Light treatment of patients for various conditions is becoming well known. Light
treatment of injuries such as: sport injuries, sprains and the like; chronic conditions such as
arthritis, sciatica and various related conditions; and chronic slow healing wounds or sores, are

all well known.

[0003] The principle of all these light treatments is the application of low intensity light
radiating in the area of the patient’s condition. It is found that in order to be effective, the light
source should be in close contact with the skin. The light source is usually an array or panel of
low intensity light emitting diodes, or in some cases low level laser. The treatment typically
becomes more effective over longer periods. The light sources may, for example, be lett in
contact with the skin for thirty to sixty minutes. This enables deep penetration of the light rays

into the tissues, and may produce the healing results experienced.

[0004] Another factor in the design of such treatment head is that the treatment might be
desired over a large and contoured (non-planar) area of the body. Light treatment heads may
measure about four inches by ten or more inches. However, at these dimensions, or it a larger
light treatment head is desired, there are numerous shortcomings of particular existing light

treatment heads.

[0005] For example, rigid light treatment heads are typically not provided in a dimension
larger than a few inches square, since there are no correspondingly large planar body parts to be

treated.

[0006] To overcome this issue, several flexible light treatment heads have been proposed.
There are several shortcomings of some existing flexible light treatment heads. Some such

flexible light treatment heads are biased to an unflexed (planar) position. Thus, to maintain the
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flexing of the head during treatment, the head is usually strapped to a patient. The bias of the

head can then cause the strap to pull on the patient’s body in the precise area at which the patient

1s suffering. This has been shown to cause discomfort and pain to a patient being treated.
Another shortcoming 1s that other flexible light treatment heads are flimsy as a result of their

design.

[0007] Furthermore, some flexible light treatment heads are not adaptable to sizes much

larger than a few inches square. Other flexible light treatment heads are designed in a way to

cause significant barriers to repair, when they are found to be faulty or damaged.

[0008] It 1s an object of the present invention to obviate or mitigate at least one of the above

disadvantages.

SUMMARY OF THE INVENTION

[0009] In one aspect, the present invention provides a flexible light treatment head
comprising one or more light source modules interconnected by a hinge apparatus along a

flexing edge thereof. The hinge apparatus may comprise a plurality of hinge joints.

[0010] In another aspect, each hinge joint may be substantially identical. In an embodiment,
each hinge joint may have a first end and a second end, said first end adapted to fit rotatably in a
corresponding second end of an adjacent hinge joint. In an embodiment, each hinge joint may
comprise a head wiring channel disposed from said first end to said second end. In an

embodiment, each hinge joint may comprise a module wiring channel extending from said head
wiring channel. In an embodiment, the module wiring channel may extend substantially

perpendicularly from said head wiring channel.

[0011] In an embodiment, the hinge apparatus may provide a radius of curvature of 20mm
concavely and 87mm convexly with reference to a treatment surface of said flexible light
treatment head. In an embodiment, the hinge apparatus may be unbiased. In an embodiment, the
hinge joint may rotate along only one axis relative to an adjacent hinge joint. In an embodiment,
a hinge joint cover may be disposed along an outer surface of the hinge joint. In an embodiment,

the hinge joint cover may be removable to diagnose and repair said flexible light treatment head.
22193970.1
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[0012] In yet another aspect, the flexible light treatment head further comprises a proximal
strap aperture adapted to engage a strap. In an embodiment, the flexible light treatment head may
further comprise a distal strap aperture adapted to engage the strap to enable the flexible light
treatment head to be maintained 1n position along a patient. In an embodiment, the tlexible light

treatment head may further comprise a knob to engage the strap to enable the flexible light
treatment head to be maintained 1n position along a patient. In an embodiment, the knob may be

provided on the hinge apparatus.

[0013] In a further aspect, each light source module may comprise one or more light emitting
elements. In an embodiment, the light emitting elements may comprise light emitting diodes. In
an embodiment, the light emitting elements may comprise LASERs. In an embodiment, each

light source module may comprise a heat sink.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The features of the invention will become more apparent in the following detailed

description in which reference is made to the appended drawings wherein:

[0015] Figure 1 1s a front perspective view of a flexible light treatment head;
[0016] Figure 2 is a bottom plan view of the flexible light treatment head;
[0017] Figure 3 shows a side view of flexible light treatment head;

[0018] Figure 4 1s an exploded view of a light source module of the flexible light treatment
head;

[0019] Figure 5 is a side view of two adjacent hinge joints;

[0020] Figure 6 is an exploded view of a control module of the flexible light treatment head,;

and

[0021] Figure 7 is a front perspective view of a strap that can be affixed to the flexible light

treatment head.

22193970.1



~

xR~ O Wn

10
11
12

13
14
15
16
17

18

19
20

21
22

23
24

23
26
27

CA 02765331 2012-01-20

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention provides a flexible light treatment head having a hinge

apparatus along a flexing edge thereof. In one aspect, a corresponding hinge apparatus is

provided along another flexing edge of the flexible light treatment head.

[0023] Referring now to Figures 1 and 2, a flexible light treatment head (100) comprises a
control module (101) and one or more light source modules (104) interconnected by a hinge
apparatus (106). The hinge apparatus (106) is disposed along a flexing edge of the flexible light
treatment head (100). The hinge apparatus (106) comprises a plurality of hinge joints (108).

[0024] Each light source module (104) may comprise one or more light emitting elements
(105) disposed along a treatment surface (200) of the light source module for providing light
therapy. In use, the light emitting elements (105) are placed in contact, or nearly in contact, with

a patient’s skin in proximity ot the condition being treated.

[0025] In one aspect, the light emitting elements (105) comprise light emitting diodes (LED).
In another aspect, the light emitting elements (105) comprise LASER. In yet another aspect, the
light emitting elements (105) comprise any combination of LED and LASER. In additional
aspects, it will be appreciated that any light emitting element (105) providing the desired

therapeutic effect may be provided.

[0026] Typically, the wavelength and intensity of light emitted by such light emitting
elements (105) 1s relevant to such therapeutic effect. In a specific embodiment, light having a
660nm wavelength is applied. In another embodiment, light having a wavelength of 840nm 1s
applied. Combinations can also be applied. In specific embodiments, 660nm light is provided at

750mW total output power, which can be provided with approximately 180 LEDs, for example.
In another embodiment 840nm light is provided at 1500mW of total output power, which can be
provided with approximately 180 LEDs. In other embodiments 240 LEDs of 660nm light

provides 1000 mW and 240 LEDs of 840nm light provides 2000mW. Other output intensities are
possible. Additionally, light emitting elements emitting light at other wavelengths could be

provided, in particular to provide for different types of treatments.

22193970.1
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[0027] In the particular embodiment shown 1n Figure 2, each hight source module (104)
comprises twenty light emitting elements. In this particular embodiment, ten light source
modules (104) are provided. In other embodiments, the treatment surface may correspond to an
array of two to fifty light source modules. It will be appreciated that the light source modules

could have differing numbers of light emitting elements.

[0028] Referring now to Figure 3, a hinge apparatus (106) is shown. The hinge apparatus
(106) enables the flexible light treatment head (100) to be flexed both inwardly (concavely) and
outwardly (convexly) with reference to the treatment surface (200). The hinge apparatus 1s
shown as being unflexed in Figure 3A, flexed concavely in Figure 3B and flexed convexly 1n
Figure 3C. The flexing angle and flexing radius can be configured by providing a suitable hinge
apparatus, which 1s described more fully below. In a particular embodiment, the hinge apparatus
(106) enables a radius of curvature of 20mm concavely and 87mm convexly, with reference to

the treatment surface (200).

[0029] Furthermore, the hinge apparatus (106) preferably can be flexed concavely along a
portion of the treatment surface and convexly along another portion of the treatment surface, for
example to define an S-shape or wave-shape when viewed from a side profile. It will be

appreciated that the number of regions of alternating flexing can be increased for a flexible hight

treatment head (100) with relatively more light source modules.

[0030] The hinge apparatus (106) is preferably unbiased and retains the desired tlexing angle
without requiring an additional mechanical positioning or holding means. Thus, the preterred
hinge apparatus (106) allows the flexible light treatment head (100) to lie 1n substantial contact
with the skin in the entire treatment area, including on contoured areas of the body such as the
leg, neck, arm, back, etc. without requiring such an additional mechanical positioning or holding

means

[0031] Referring now to Figure 4, a more detailed view of the hinge joint (108) and the light
source module (104) is provided. The light source module (104) comprises an optical window
(404), a circuit board (406) disposed above the optical window (404) and comprising circuitry

sufficient to drive the light emitting elements (105) of the light source module (404), a heat sink

22193970.1
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body (408) disposed above the circuit board (406) operable to dissipate heat therefrom, and a
plurality of light emitting elements (105) depending from the circuit board toward the optical
window (404). The optical window (404) comprises a plurality of apertures or transparent or
translucent portions enabling light emitted from the light emitting elements (105) to be emitted to
the treatment surface (200). The heat sink body (408) and optical window (404) may be affixed
to provide an enclosure. The light source module (104) may be assembled using screws (410)
that bind the optical window to the heat sink body (408), with the circuit board being held
securely by the screws, other retaining elements provided in the heat sink body (408) and/or
optical window (404), or by friction fit between the heat sink body (408) and optical window
(404). The screws are selected to provide suitable clamping between the heatsink body and the
circuit board to maximize heat dissipation. Thermal vias and/or large copper pads may

additionally be provided 1n the circuit board to maximize heat dissipation.

[0032] The hinge assembly abuts one end of the light source module, which is a flexing edge
of the flexible light treatment head (100). A corresponding hinge assembly may be provided
along the other (opposite) tlexing edge of the light source module for increased rigidity and/or
increasing wiring capacity. For each light source module (104), the hinge assembly comprises a
hinge joint (400) and may further comprise a hinge joint cover (402) disposed along an outer
surface of the hinge joint (400) opposite the surface of the hinge joint abutting the light source
module (104). The hinge joint cover (402) may be affixed to the hinge joint (400) by one or more
screws, which may further affix the hinge assembly to the light source module (104).

[0033] In another embodiment, the hinge joints (400) may be integrally formed with the
optical window (404) or heat sink body (408).

[0034] Referring now to Figure 5, a close up view of two hinge joints 1s provided. The hinge
joints (400) are substantially identical, and comprise a first end (502) and a second end (504), the
first end (502) adapted to fit rotatably 1n a corresponding second end (504) of an adjacent hinge
joint (400). For example, the first end may have an outer surface defining, in rotation, a cylinder
of a particular circumference and the second end may have an inner surface forming a cylinder

substantially equal but slightly larger in circumterence that the outer surface of the first end, the

slightly larger circumference enabling movement therebetween. While the inner surface of the
22193970.1
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second end is preferably cylindrical, the outer surface of the first end could be of any form that,
in rotation, defines a cylinder. For example, the outer surface could be formed by a plurality of
posts positioned to define the desired circumference. The hinge joints (400) allow for one degree
of freedom rotationally so that the hinge apparatus (106) does not twist significantly along the
common longitudinal axis of the hinge joints, hence providing substantial structural rigidity for

the flexible light treatment head (100).

[0035] The control module (101) and strap adaptor (102) comprise a hinge joint or portion of

a hinge joint to mate with a hinge joint of an adjacent light source module (104).

[0036] In one aspect, the hinge joint (400) enables different inward (concave) and outward
(convex) flexing angles. In the embodiment shown in Figure 5, for example, each hinge joint
comprises a first flange (514) along the second end thereof to limit the movement of the first end
of an adjacent hinge joint relative to the second end of the hinge joint to limit concave flexing.
The hinge joint may comprise a second flange (516) to correspondingly limit convex tlexing. It

will be appreciated that the flanges could be provided at the first end of the hinge joint.

[0037] It will be appreciated that the light source modules may be dimensioned to further
limit the flexing angles. For example, the depth of the optical window and the heat sink bodies,
along with the space between adjacent light source modules, may limit the flexing angles as

adjacent optical windows and/or heat sink bodies may come into contact during flexing.

[0038] The hinge joint (400) further comprises a head wiring channel (510) disposed from
the first end to the second end. The head wiring channel (510) 1s continuous when two or more
hinge joints are connected to one another, including at the extent of flexing the head both

concavely and convexly. The head wiring channel (510) receives electrical wiring for driving the

light emitting elements of each light source module.

[0039] A module wiring channel (512) extends from the head wiring channel (510) to the
light source module. In the embodiment shown on Figure 5, the module wiring channel (512) 1s
disposed at an angle substantially perpendicular to the head wiring channel (510). Wiring placed
in the head wiring channel (510) can be routed through the head wiring channel (510) to the light

22193970.1
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source module. In the light source module (104) shown in Figure 4, for example, the heat sink

body (408) has an aperture (412) disposed along at least one side thereof that enables wiring to
be inserted into the light source module (104). This aperture could alternatively be disposed

along the side of the optical window or between the heatsink and optical window.

[0040] The hinge joint cover (402) encloses the head wiring channel and module wiring
channel. Thus, wires encased therein during normal operation of the flexible light treatment head
have a decreased likelihood of accidental damage. Since the electrical wires are enclosed along
the center of the hinge apparatus (106) as opposed to the sides, the compressive and tensile
stresses incurred along the wire as the flexible light treatment head (100) 1s flexed are also
reduced. The hinge joints (400) may be manufactured using a material which withstands

corrosion or other damage so they may be cleaned with a medical grade disinfecting cloth.

[0041]  The hinge joint may further comprise one or more apertures (508) disposed
therethrough for receiving the screws (410). As can be appreciated, as the hinge joint cover can
be affixed to the hinge joint by the screws, any one hinge joint cover can be selectively removed
for diagnosing a fault in any particular light source module or for repairing any light source
module and/or wiring fault. Furthermore, the present invention enables any particular hinge to be

replaced without affecting the remaining hinge assembly.

[0042} The features just described offer various benefits including improved serviceability
and customizability. For example, in the event that one or more light source module (104) has
malfunctioned, the electrical wires corresponding to the modules may be easily accessed by

removing the hinge joint cover (402). The malfunction may then be diagnosed. In another

scenario, it may have been determined that one or more light source modules (104) need to be
replaced. In this case, the hinge apparatus (106) can be partially disassembled so that said

malfunctioning light source modules (104) can be substituted with new light source modules

(104).

[0043] In one aspect, the control module (101) comprises circuitry sufficient to control the
electrical operation of the flexible light treatment head (100). The control module may, for

example, comprise a controller and supporting circuitry that are electrically connected to each

22193970.1
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light source module via wiring routed through the hinge assembly. In one aspect, each light
source module is electrically substantially identical and connected to the control module (101) 1n
parallel. Such an implementation enables at least some light source modules (104) to remain

operational even if a particular malfunction may occur in one or more other light source modules

(104).

[0044] The circuit board (406) of each light source module (104) may comprise a thermistor
circuit (not shown). The controller may obtain the output of the thermistor circuit to determine
the temperature of each light source module (104) in operation. The controller may selectively
disable any one or more of the light source modules that reach a temperature over a contfigured

threshold to prevent discomfort or trauma to the patient.

[0045] The circuit board (406) of each light source module (104) may further comprise a
circuit diagnostic element (414). The circuit diagnostic element may, for example, comprise a
sensing circuit, such as a resistor, for example, enabling the controller to obtain a voltage or
current measurement relating to the light emitting elements of the hight source module (104). For
example, the light emitting elements (105) on a circuit board (406) may be connected in a set of
parallel circuits. In a particular embodiment, twenty LEDs may be arranged in four parallel
circuits each comprising five LEDs in series. The circuit diagnostic element (414) may be
operable to determine the voltage of each series circuit. This information can be transmitted, 1n
analog or digital form, to the control module. Thus, the controller may detect a malfunctioning
light source module and may selectively disable any one or more of the light source modules that

are malfunctioning.

10046] A more specific embodiment of the control module (101) is shown in Figure 6. The
control module (101) may comprise a controller (600), top enclosure (603), bottom enclosure
(604), connection port (602), a model window (606), status indicators (608), and a start/stop

button (610). The status indicators may be used to indicate whether the flexible light treatment

head is on or off, or whether the light emitting elements are enabled or disabled. The controller

(600) supplies power to the light source modules (104), records light source module (104) usage

data and monitors the temperature of the light source modules (104) to ensure patient contact

22193970.1
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temperature requirements are met. The controller (600) may turn on or off a light source module

(104) whose temperature has exceeded preset limits. The controller (600) may also detect light

emitting element failures by monitoring the sensing circuit.

[0047] The control module (101) may further comprise a warning window or label to provide

required information, such as that required by a regulatory authority.

[0048] An external treatment controller (not shown) may provide power and/or instructions

to the controller for a particular treatment via the connection port (602).

[0049] The flexible light treatment head (100) may further comprise a strap adaptor (102)
disposed along one end of the flexible light treatment head (100). The strap adaptor (102) 1s
preferably disposed along an end of the flexible light treatment head (100) opposite the control
module (101) with the one or more light source modules (104) disposed therebetween. The strap
adaptor (102) comprises a distal strap aperture (112) adapted to engage a strap. For example, a
strap can be coupled to the flexible light treatment head (100) by affixing it to the distal strap
aperture (112).

[0050] In one aspect, the control module (101) comprises a proximal strap aperture (109)
adapted to engage the strap. For example, the strap can also be coupled to the flexible light
treatment head (100) by affixing it to the distal strap aperture (112). Thus, a strap can be strapped
from the proximal strap aperture, around a patient’s body part, and to the distal strap aperture.

This can be beneficial if gravity alone is not sufficient to maintain the position of the tlexible

light treatment head (100) during operation.

[0051] The strap adaptor (102), the distal strap aperture (112) or the proximal strap aperture
(109) may further be used to hang the flexible light treatment head when not 1n use.

[0052] In another aspect, one or more of the light source modules (104) may comprise a
knob (114). A suitable strap may comprise one or more apertures operable to engage the knob
(114). This can be beneficial if the body part being treated is not suitable for using the two strap
apertures (e.g., the body part is not cylindrical in the plane of treatment). The knob (114) may be

provided on the hinge joint covers (402).
22193970.1
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[0053] Referring now to Figure 7a, a strap is shown. The strap (700) can be affixed to the
flexible light treatment head (100) at each end thereof, for example at the proximal strap adaptor,
distal strap adaptor or any of the knobs. For example, the strap may comprise a fastener (702) at
each end thereof to enable each end to be strapped to the strap apertures. The fastener may, for

example, comprise Velcro, buttons, or other fasteners.

[0054] Referring now to Figure 7b, the strap may alternatively comprise a stopper (708) at
one end thereof wherein the stopper (708) is larger in at least one dimension than the proximal
strap adaptor (109) and/or the distal strap adaptor (112). In this embodiment, the strap can be

woven through either strap adaptor from the end opposite of the stopper such that the stopper 1s
prevented from passing through the strap adaptor.

[0055] The strap may be a stretchable fabric or comprise a stretchable portion. For example,

the strap may comprise a Vel-stretch material.

[0056] The strap may further comprise one or more apertures (704) through which a knob
can be received. Optionally, the strap can be affixed to the flexible light treatment head (100)
using one or more apertures and one or more corresponding knobs, with or without one or two of

the strap apertures or avoiding use of the strap apertures completely.

[0057] Although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled in the art without
departing from the invention as outlined in the claims appended hereto. The entire disclosures of

all references recited above are incorporated herein by reference.

22193970.1
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CLAIMS

What 1s claimed is:

1. A flexible light treatment head comprising one or more light source modules interconnected

by a hinge apparatus along a flexing edge thereof.

2. The flexible light treatment head of claim 1, wherein the hinge apparatus comprises a plurality

of hinge joints.

3. The flexible light treatment head of claim 2, wherein each said hinge joint 1s substantially

1dentical.

4. The flexible light treatment head of claim 2, wherein said hinge joint has a first end and a
second end, said first end adapted to fit rotatably in a corresponding second end of an adjacent

hinge joint.

5. The flexible light treatment head of claim 4, wherein said hinge joint comprises a head wiring

channel disposed from said first end to said second end..

6. The flexible light treatment head of claim 5, wherein said hinge joint comprises a module

wiring channel extending from said head wiring channel.

7. The flexible light treatment head of claim 6, wherein said module wiring channel extends

substantially perpendicularly from said head wiring channel.

8. The flexible light treatment head of claim 1, wherein said hinge apparatus provides a radius of
curvature of 20mm concavely and 87mm convexly with reference to a treatment surface ot said

flexible light treatment head.

22193970.1
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9. The flexible light treatment head of claim 3, wherein said hinge apparatus is unbiased.

10. The flexible light treatment head of claim 3, wherein said hinge joint rotates along only one

axis relative to an adjacent hinge joint.

11. The flexible light treatment head of claim 3, further comprising a hinge joint cover disposed

along an outer surface of the hinge joint.

12. The flexible light treatment head of claim 11, wherein said hinge joint cover 1s removable to

diagnose and repair said flexible light treatment head.

13. The flexible light treatment head of claim 1, wherein said flexible light treatment head

further comprises a proximal strap aperture adapted to engage a strap.

14. The flexible light treatment head of claim 13, wherein the flexible light treatment head
further comprises a distal strap aperture adapted to engage the strap to enable the flexible light

treatment head to be maintained in position along a patient.

15. The flexible light treatment head of claim 13, wherein the flexible light treatment head
further comprises a knob to engage the strap to enable the flexible light treatment head to be

maintained in position along a patient.

16. The flexible light treatment head of claim 15, wherein the knob is provided on the hinge

apparatus.

17. The flexible light treatment head of claim 1, wherein each light source module comprises one

or more light emitting elements.

18. The flexible light treatment head of claim 17, wherein the light emitting elements comprise
light emitting diodes.

22193970.1
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19. The flexible light treatment head of claim 17, wherein the light emitting elements comprise

LASERs.

20. The flexible light treatment head of claim 1, wherein each light source module comprises a

heat sink body.

22193970.1
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FIG. 3B
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FIG. 7a
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FIG. 7b
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