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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA

WeV2872 W NS

DJO, LLC, a Delaware corporation,
~ Plaintiff,
\'

VITALWEAR, Inc., a California
corporation,

| Defendant.

CASE NO.

COMPLAINT FOR PATENT

- INFRINGEMENT

DEMAND FOR JURY TRIAL

Plaintiff DJO, LLC (“DJO”), for its Complaint against defendant

VitalWear, Inc. (“VitalWear”), hereby alleges as follows:

JURISDICTION AND VENUE

1. This is an action for patent infringement arising under the

Patent Act of the United States, 35 U.S.C. §§ 271 and 281. This Court has subject

matter jurisdiction over the matters complained of under 28 U.S.C.§§ 1331 and

1338..

2. Venue is proper in this judicial district pursuant to 28 U.S.C.

0OC\1041973.2
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1|1 §§ 1391(b) and (c), and 1400(b), in that DJO and VitalWear reside in this district

2 | and VitalWear committed acts in this District that are alleged herein to constitute

3 || patent infringement.

4 : - | THE PARTIES

5 3. DIJOisa DelaWare corporatioﬁ having its principal place of

6 | business at 1430 Decision Street, Vista, California. ‘ |

7 4, VitaiWear 1s a California corporation having its principal place
8 | of busi}les‘sv at 384 Qyster Point Blvd., Suite 16, South Sah Francisco, California.

9 GENERAL BACKGROUND ALLEGATIONS

10 5. DJO is a leading global developer, manufacturer, and

11 || distributor of high-quality medical devices that provide solutions for

12 || musculoskeletal health, vascular health, and pain management, including “cold
| 13 | therapy” products, such as the Iceman® Cold Therapy Sys‘ter'n. )
14 6. On February 2, 1999, United States Patent No. 5,865,'841 (the
15 || “‘841 patent”), entitled “Cold Therapy Apparatus,” was duly and legally issued to
16 || Paul T. Kolen and Thomas D. Ford. DJO is the assignee and owner of the ‘841
17 || patent. A true ana correct copy of the ‘841 patent is attached hereto as Exhibit A.
18 7. On November 9, 1999; United States Patent No. 5,980,561 (the
19 |““561 patent™), entitled “Applying Thermal Therapy To Living Tissue,” was duly
20 ||and iegally issued to Paul T. Kolen and Thomas D. Ford. DJO is the assignee and
21 | owner of the ‘561 patent. A true and correct copy of the ‘561 patent is attached
22 | hereto as Exhibit B. | , |
23 FIRST CLAIM FOR RELIEF AGAINST VITALWEAR

24 (Patent Infringement — ‘841 patent)
250 .- 8.  DJO incorporates by reference the allegatioris contained within

26 || paragraphs 1 through 7 of this Complaint as if fully set forth herein.
27 | 9. On information and belief, after the ‘841 patent was issued,

28 | VitalWear infringed, and continues to infringe, the ‘841 patent, both literally and
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1 || under the doctrine of equivalents, by making, using, marketing; and selling its cold
2 | therapy products, including, but not limited to, products marketed under the names

| 3 “VitalWrap System,” and “RecbveryWrap System.” -

4 10. DJO has sufferéd and, unleés.this Court issues an injunction,

5 | will continue to suffer, irreparable harm for which there is no adequate remedy at -

6 | law as a result of VitalWear’s infringement of the ‘841 patent. Accordingly, DJO

7 | is entitled to a preliminary and permanent injunction ‘enjo‘ining VitalWear from its
8 | infringing activities. | | |
9 | 11.  VitalWear’s infringement of the ‘841 patent has proximately
10 || damaged DJO in an amount to be proven at the time of trial.
11 12.  On information and belief, VitalWear’s past and continuing '.
12 || infringement of the ‘841 patent has been, and is, deliberat‘e' and willful. VitalWear
13 | had prior knowledge of the ‘841 patent, as evidenced by the fact that VitalWear
14 | cited the ‘841 patent in one of its own patent applications. Thus,.this is an
- 15 | exceptional case entitling DJO to an award of treble damages and attorneys’ fees
16 | pursuant to 35 U.S.C. §§ 284 and 285.

17 | SECOND CLAIM FOR RELIEF AGAINST VITALWEAR
18 (Patent Infringement — ‘561 patent) |
19 13.  DJO incorporates by reference the allegations contained within

© 20 | paragraphs 1 through 12 of this Complaint as if fully set forth herein.

21 14.  On information and belief, after the ‘561 patent was issued,

22 | VitalWear infringed, and continues to infringe, the ‘561 patent, both literally and
23 || under the doctrine of equivalents, by making, using, marketing, and seiling its cold
24 | therapy products, including, but not limited to, products marketed under the names
25 “VitalWrab System,” and “RecoveryWrap System.”

26 15, DJO has suffered and, unless this Court issues an injunction,
27 | will contjnuc to suffer, irreparable harm for which there is no adequate remedy at

28 | law as a result of VitalWear’s infringement of the ‘561 patent. Accordingly, DJO
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is entitled to a preliminary and permanent injunction enjoining VitalWear frem its
infringing activities. |

16. VitalWear’s infringement of the ‘561 patent has prox1mately
‘damaged DJO in an amount to be proven at the time of trial.

17. On information and belief, VitalWear’s past and continuing
infringement of the ‘561 patent has been, and is, deliberate and willful. On
information and belief, VitalWear had prior knowledge of the ‘561 patent, as
evidenced by the fact that VitalWear cited the "841, patent in one of its own patent
applications, and the ‘561 patent is in the same family as the ‘841 patent. Thus,
this is an exceptional case entitling DJO to an award of treble damages and
attorneys’ fees pursuant to 35 U.S.C. §§ 284 and 285.

PRAYER FOR RELIEF

WHEREFORE, DJO prays fof Judgment as follows:

1. For a preliminary and permanent injunction restraining and
enjoining VitalWear, and its officers, agents, servants, employees, and attorneys,
and any persons who are in active concert or participation with them, from directly
or indirectly infringing the ‘841 and ‘561 patents;

2.. For an order requiring VitalWear, and its officers, agents,
servants, employees, and attorneys, and any persons who are in active concert or
participation with them, to surrender to DJO all prodiicts that infringe the ‘841 and
‘561 patents; -
3. That DJO be awarded, under 35 U.S.C. § 284, damages
adequate to compensate it for VitalWear’s infringement of the ‘841 and ‘561
patents; _ o

4.  That all of DJO’s damages be trebled in light of VitalWear’s
willful and deliberate infringement; | _

5. That this case be deemed exceptional under 35 U.S.C. § 285,

thereby entitling DJO to its reasonable attorneys’ fees;

0C\1041973.2 ' 4 - COMPLAINT FOR PATENT INFRINGEMENT




w»v e W N

10
11
12
13
14
15

16

17
18
19
20
21

.22

LATHAMsWATKINSuw
ATTORNEYS AT LAW
ORANGE COUNTY

23
24
25
26
27
28

proper.

Dated: December 22, 2009

0OC\1041973.2

6. For costs of suit incurred herein;
7. For prejudgment interest; and _
8. - For such other and further relief as this Court deems just and

LATHAM & WATKINS LLP

v/

Mark A/Finkelstein
Attorneys for Plaintiff
DJIOLLC

COMPLAINT FOR PATENT INFRINGEMENT!




1 ' - JURY DEMAND
) ~ Atrial by jury is hereby demanded on all issues triable to a jury.

3 || Dated: December 22, 2009 - LATHAM & WATKINS LLP

4 %
5. : By
ark A."Finkelstein

6 Attorneys for Plaintiff
: o DJO, LLC .
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[54] COLD THERAPY APPARATUS

[76] Inventors: Paul T. Kolen, 139 Fourth St,,
Encinitas, Calif. 92024; Thomas D.
Ford, 10405 Orozco St., San Diego,
Calif. 92124 :

{21] Appl. No.: 450,641
[22] Filed: May 25, 1995

[30] Foreign Application Priority Data
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© OTHER PUBLICATIONS

“Electri-Cool Localized Cold Therapy System” (Seabrook
Medical Systems, Inc., copyright 1991).

“Thermal-Max Hot and Cold Thermal Therapy” (Danniger
Medical Technology, Inc.).

“The Standard in Thermal Therapy . . . ” (Burke/Neutech,
Inc.).

“The Thermal Therapy People” (Burke/Neutech Medical
Systems). :

“Cool-Aid Single-Patient Use Cold Therapy System”
(Seabrook Medical Systems, Inc., copyright 1994).

“Polar Care Cold Therapy” (Breg, Inc., 2 pages).

Price list dated Sep. 1, 1994 (Breg, Inc.).

Primary Examiner—Robert L. Nasser v
Attorney, Agent, or Firm—Fish & Richardson P.C.

(57 ABSTRACT

A thermal therapy apparatus for applying temperature con-
trolled therapy to a therapy site on a mammalian body
includes a. therapy pad for applying a selected therapy
temperature 'to the therapy site; a recirculating fluid loop,
including a fluid channel defined by the therapy pad; a
thermal reservoir; a heat exchanger coupling the thermal
reservoir with the recirculating fluid loop, the heat
exchanger including a pump for circulating fluid through the
recirculating fluid loop; and a control mechanism coupled to
the heat exchanger for enabling adjustable control of therapy
temperature. The heat exchanger selectively mixes fluid
recirculating in the fluid loop with fluid from the thermal
reservoir in an adjustable mixing ratio to achieve the
selected therapy temperature at the therapy site.

11 Claims, 4 Drawing Sheets
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5,865,841

1 ,
~ COLD THERAPY APPARATUS

BACKGROUND: OF THE INVENTION

‘This invention relates to the application of cold or heat to
affect heat transfer to or from the human or mammalian
body. The necessity for such an application may arise in a
wide range of circumstances. Most common are injuries,
bruises, sprains, or other trauma to bone, muscle, ligaments,
tendons, skin and other forms of mammalian tissue. The
application of cold or cooling to reduce swelling, reduce
pain and promote healing at the traumatized area of the
human or mammalian body is often recommended.
Similarly, the appllcauon of heat or heating to the human or
mammalian body is used to warm up or “loosen-up” joint
tissue such as ligaments or tendons prior to use to facilitate
an increased range of motion prior to normal or strenuous
physical activities.

Other circumstances in which lhe need for application of
cold or heat therapy to the human or mammalian body may
arise include post-surgical therapy to reduce pain and swell-
ing and promote healing, as well as in orthopedic therapy,
sports medicine therapy and rehabilitation programs and
applicalions. Of particular importance are the areas of ath-
letic injury and subsequenl therapy, healing and rehabilita-
tion in humans, and injury and subsequent therapy, hcahng
and rehabilitation in thoroughbred race horses.

The most common method of achieving the desired
cooling effect has been application of an ice bag 1o the
desired therapy site. This method has several limitations. Ice
bags can be cumbersome to apply, and in the case of

20

30

animals, for example thoroughbred race horses, may be

difficult to maintain on the therapy site. Ice bags can apply
uneven cooling to the therapy site, are often difficult to
contour to the area of the mammalian body to be treated, and
the intensity of cooling is difficult to control. Often the
application is either too cold, or not cold enough. Acommon
ice bag has further limitations as well. As the ice melts, an
ice bag may leak, causing inconvenience or more serious
consequences. Finally, the static application of cold or
cooling can become uncomfortable and unpleasant, usually
resulting in the subject prematurely terminating the appli-
cation before the full beneficial affect can be achieved.

A number of variations have been proposed to improve
upon the ice bag or pack, but none fully addressed all of its
shortcomings. For example, some have been known o use
a bag of frozen peas (or other vegetables) as a substitute for
an ice bag. The frozen peas allow more uniform cooling of
the site, generally contour to the site better than a bag of ice
cubes, and apply less severe cooling. Of course, this alter-
native has a number of drawbacks as well. A bag of frozen
peas has limited available cooling capacity, and as with any
bag, contouring to a part of the mammalian body such as the
human knee can be difficult or impossible, resullmg in
uneven cold application.

Other variations on the basic ice bag or ice pack include
a wrap or strap-on device which holds the source of cooling
on the therapy site. These devices generally are designed for
use on specific locations on the human body, and generally
contour better to the therapy site and are held in place by
means of belts or straps. These devices also have several
shortcomings, however. Certain types have built-in reser-
voirs to provide a source of cooling, such as containers of

frozen water. These devices must be kept frozen until ready

to use, and once their cooling capacity is expired, they must
be re-frozen before they can be used again. The intensity of
cooling with these wrap or strap-on devices is also difficult

40
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to control, and they are capable of applying only static -
cooling to the site. There are also generally cumbersome, as
the source of thermal cooling must be located entirely within
the device and held at or on the therapy site.*

Also available are chemical cold-packs comprised of two
or more chemical substances stored separately in a flexible
packet. When needed, the packet is manipulated, causing an
internal seal to break and the chemical substances to mix.
The substances, when mixed, have an endothermic reaction
which causes the packet to cool. While these devices are
uscful in remofe sites and in certain cmergency situations,
they afford little advantage over the ordinary ice bag.
Furthermore, they can generally be used only one time, are
of limited cooling capacity or duration, operate at one non
adjustable temperature, and are prohibitively expensive for
use in a regular cold therapy program.

More recently, a commercially available apparatus for
accomplishing the desired cooling of the human knee has
been developed which incorporates a cold reservoir consist-
ing of a large cooler. The waler within the cooler is circu-
lated by means of a pump which circulates the cooled water
from the cooler through a tube to a bladder and back trough
a tube to the cooler, The bladder is applied to the therapy site
and held in place by means of a wrap or strap device. This
apparatus has many advantages over an ice pack or ice wrap.
The cooler and source of cooling, generally ice, is held in a
container separate from the therapy site. In this type of
device, the rate of cooling is adjusted by increasing or
decreasing the flow resistance by using a manually operated
flow restriction valve or electrically setting the pump speed
1o a predetermined fixed value.

This apparatus also has several shortcomings. The devxce
is incapable of supplying a measured and controlled cooling
temperature to the therapy site, and is incapable of provndmg
tactile stimulation to the therapy site. The device is also
cumbersome in that the pump used to circulate the cooling
fluid must be manually submerged in the cooler, and there is
an ever-present danger of electrical shock due to the prox-
imity of the electrical power cord and the circulating water.

The most common method for achieving the desired
heating effect has been through the application of a hot water
bottle or steamed towels to an injury site. As with similar
cold therapy modalities, this form of heat therapy suffers
from the same shortcomings in terms of ease of application
and temperature regulation due to a lack of any temperature
control mechanism at the injury site.

DESCRIPTION OF THE PRIOR ART

Heretofore, a number of devices and systems have been
employed to impose cold with or without pressure on parts
of the human or mammalian body. Miller (U.S. Pat. No.
2,531,074 of Nov. 21, 1950) discloses an appliance for a dry
massage of a therapy site by water of controlled temperature
in a sequence at alternatively high and low pressures applied
to a multitude of adjacent chambers of flexible wall material
and suggests thal the water can be either heated or cooled.

Chessey (U.S. Pat. No. 2,726,658 of Dec. 13, 1955)
discloses a system, including a coolant control and supply
unit, and a liquid-impervious appliance receiving the coolant
and applied as a pad to a body portion of an animal,
including a mechanical refrigeration system thermostatically
controlled by the temperature of the coolant which is
pumped through the appliance.

Grossan (U.S. Pat. No. 3,993,053 of Aug. 5, 1975)
discloses a massaging system including a flexible pad hav-
ing fixed to one face a set of elastic tubing coils formmg part

Exhibit A, Page 12
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of a recirculating hydraulic system, including a pump for
creating pulsating fluid flow, and suggests thal the pressure
and temperature of the circulating liquid may be controlled
by the operator.

Copeland, et al. (U.S. Pat. No. 4,149,529 of Sep. 16,
1977) discloses a portable apparatus for controllably cooling
and variably applying pressure to a portion of 2 mammalian

body including a liquid supply, control unit, means to

circulate the liquid and heat exchanger in the fluid reservoir
mounted in a supply unit of sufficient size to support the
weight of a human and receive a human limb such that the
reservoir may be employed as a whirlpool bath.

Although all the devices described above may be func-
tional and presumably operable, there is a need for an
improved apparatus for applying cold or heat to a human or
mammalian body which is small enough to be easily trans-
ported and used in a wide variety of locations, adaptable to
many different mammalian body forms and potential therapy
sites, capable of providing controlled temperature therapy at
a presel temperature or by a preprogrammed temperature
profile, capable of monitoring the therapy temperature
directly at the therapy site, and capable of providing tactile
stimulation to the therapy site to alleviate the problems of
static cooling and enhance the beneficial effects of the
cooling therapy. The present invention fulfills these needs,
and further provides related advantages.

SUMMARY OF THE INVENTION

The present invention provides an easily transportable
apparatus for applying closed-loop temperature controlled
cold or heat to a pomon of the human or mammalian body.
The apparatus comprises an insulated water reservoir within
a sturdy housmg, covered by a splash-proof lid, and is small
enough is be easily situated in any convenient location for
cold/heat therapy by the user. Within the reservoir housing
but external to the reservoir is contained a self-priming fluid
pump with a means-of exchanging a measured portion of the
re-circulation water with water from the reservoir to main-
tain the circulation water at a desired temperature. The pump
is powered by a small mechanically integrated electric
motor. Also contain in this area afe the microprocessor-
based temperature and pump/heat exchanger control
electronics, and internal fluid tubing connections between
the pump and the water reservoir, and between the pump and
supply line connectors mounted on the housing. User con-
trols and a temperature read-out dlsplay are also located on
the reservoir housing.

5.865.841
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tus can also be adapted 1o support simultancous use of
multiple bladders fluidly connected in series for therapy at
multiple sites, as in bilateral surgery applications. Connect-
ing the bladder to the reservoir housing is a pair of fluid
supply lines which are terminated at one end by the mating
half of the “quick disconnect” connectors mounted in the
reservoir housing.

The supply line pair is held togclher and encapsulated by
a layer of insulating material, such as closed-cell polyure-
thane foam, making the entire tubing assembly water-tight,
durable, flexible, and fully insulated to reduce the ambient
heat load on the unit and enhance the comfort and ease of use
of the therapy apparatus. The supply line assembly may be
of various lengths to suit the particular therapy subject and
application. The supply line assembly may be permanently
affixed to the bladder or attached by means of “quick-
disconnect” connectors at its terminal end. Affixed within

“the supply line assembly is a pair of thermistors or other

suitable temperature-sensing devices, one located in each of
the pair of fluid supply lines at or near the quick disconnect
mounted in the reservoir housing, the output of which is
monitored by the control electronics to implement the
closed-loop temperature control of the cold or heat therapy.

Various shapes and sizes of bladder are contemplated to
accommodate the various therapy subjects, whether human
or animal, and the various therapy sites of the mammalian
body. All bladders will generally consist of two layers of
flexible plastic or other material, completely sealed or
welded at the edge or scam, and constructed to allow
generous expansion and contraction in response to the

~ varying pressure imposed by the pumps when applying

35
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The reservoir in the reservoir housmg can accommodate -

crushed ice, ice cubes or a pre-formed freezable cold source,
such as commonly used in portable coolers, and contains
enough cooling capacity for generally all therapy applica-
tions. The reservoir may be easily recharged with additional
ice if needed while therapy is continuing, and without the
need for the subject to remove the bladder from the therapy
site. For heat therapy, hot water can be introduced into the
reservoir or the reservoir fluid can be actively heated by an
immersible heater to maintain a constant temperature for
controlled heating applications.

The apparatus monitors the therapy temperature and pro-
duces an audible signal when the cold or heat source ‘is
exhausted and the apparatus is no longer able to maintain the
desired therapy temperature within certain preset tolerances.

The fluid supply lines from the pumps are connected to
self-sealing, “quick disconnect” conneclors, allowing the
user to quickly and conveniently attach and detach various
bladder types for various therapy applications. The appara-

50
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tactile stimulation, and to ensure even distribution of circu-
lation water or other fluid and the subsequent cooling/
heating effect on the therapy site.

The bladder is generally held within a mating strap or
wrap, depending upon the therapy subject and site. The strap

“or wrap may be a fabric or rubber type material, such as

neoprene rubber, which is secured to the therapy site by
means of belts, straps, “Velcro” fasteners. The strap or wrap,
when fastened properly, holds the bladder firmly and evenly
against the therapy site, while allowing expansion and
contraction in response to the pressure fluctuations created
by the pump when applying tactile stimulation.

The apparatus maintains temperature control at the
therapy site by a controlled dynamic mixing of cold/hot
water from the reservoir with the re-circulation water return-
ing from the bladder within the heat exchanger. By using the

. real-time temperature information generated by the tempera-

ture sensing devices, the microprocessor controls the rate of
reservoir/recirculation fluid mixing within the heat
exchanger. This maintains the circulation water temperature,
and thus the injury site bladder temperature. To ensure even
temperature distribution at the therapy site or sites, particu-
larly when multiple bladders are used in series, maximum
flow rates and delivery pressure is maintained to minimize
the difference between outgoing and returning water tem-

peratures regardless of ‘the heat load. To achieve tactile

stimulation at the desired therapy temperature, the pump is
periodically turned off for a brief interval to allow the
pressure within the bladder to return to zero before turning
the pump back on. This action causes the bladder to undergo
a deflation/inflation cycle which in turn causes a tactile
stimulation in the tissue directly in contact with the bladder.
The microprocessor-based control electronics and associ-
ated operating program operate the pump accordingly to
provide maximum flow of circulation fluid and impose
periodic pressure variations on the bladder such that the
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desired temperature control and tactile stimulation are pro-

vided at the therapy site.

'The present invention provides an important advance in
cold/heat therapy of human and other mammalian subjects
that improves ease of use and enhances therapy effective-
ness. Other features and advantages of the present invention
will be apparent from the following more detailed descrip-
tion of the preferred embodiment, taken in conjunction with
the accompanying drawings, which illustrates, by way of
cxample, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of the apparatus as typically
used by a human sub]ecl when applying cold therapy to the
knee joint,

FIG.2isa pcrspecuve view of the reservoir housing with
portions removed or broken away 1o reveal internal struc-
ture.

FIG. 3 is a schematic view of the insulated supply lines
and bladder showing the internal structure of the bladder.

I1G. 4 is a cross-sectional view of a bladder.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring initially to FIG. 2, there is shown the reservoir
housing 4 which includes a protective outer case 2, and inner
ice reservoir 19 which is formed within the outer case 2 and
open at the top, but otherwise leak-proof. The walls of the
reservoir 19 are spaced within and apart from the walls of
the outer case 2, the internal space thus formed around the
inner reservoir 19 is filled with a thermal insulation 18. The
bottom wall 3 of the reservoir 19 is also covered with
thermal insulation 18, thus insulating the reservoir 19. The
reservoir 19 is covered during operation of the apparalus
using a lid § which is also thermally insulated and incorpo-
rates a seal which fits snugly in the opening of the reservoir
19 to prevent leakage caused by splashing dunng movement
of the apparatus.

The device has pump/heat exchanger 13 that includes an
¢lectric-powered fluid pump and a heat exchanger. The fluid
pump is connected to micro-processor-based control elec-
tronics and an associated operating program. The fluid pump
has its fluid input connected to the heat exchanger contain-
ing controlled temperature fluid and its fluid output con-
nected by a fluid supply tube to a bladder device. The pump
has the capability of pumping fluid from the heat exchanger
to the bladder device when operated.

Within the space adjacent to the reservoir 19 and within
the outer case 2 are mounted the pump/heat exchanger 13,
electric motor 9, microprocessor-based control electronics 7.
Pressurized water from the pump/heat exchanger 13 is
supplied to the outlet quick disconnect 11 with the return
water routed to the air/water scparator 18 via the return
quick disconnect 12 through return tube 1. To maintain a
closed system, air from the priming valve 14 is vented back
to the reservoir 19 via vent tube 17, with air vented from the
air/water separator 15 via vent tube 16. Closed loop control
is affected by two thermistors 20 placed in the supply tube
to the outlet quick disconnect 11.

The fluid pump/heat exchanger has its fluid input con-
nected to the reservoir containing cooled/heated fluid and
the returning circulation water. The mixing of the reservoir
and returning waler is controlled by the control electronics
1o provide output water at a constant selected temperature to
the bladder devnce via the supply tubes.

6

Electrical power is supplied from a conventional AC wall
outlet through power connector 10 and power leads con-
necting lo the switching power supply clectronics 8.

Mounted on the reservoir housing 4 are user-operated
display/control electronics 6 with push-button controls for
user input and a digital display for setting and monitoring
therapy temperature and time.

Referring to FIG. 3, the bladder supply line assembly 40
is attached to the reservoir housing 4 by the mating halves
of the “quick-disconnect" supply line connectors 21 and 22,

" connecting a pair of flexible supply tubes 41 and 42 to the
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internal fluid supply tubes via quick disconnects 11 and 12.
The flexible supply tubes 41 and 42 are encased in thermal
insulation 43 which reduces ambient heat loads and provides
a comfortable means of managing the supply line assembly
40 on the therapy subject. Various lengths for the supply line
assembly 40 are contemplated depending upon the particular
therapy subject and application.

The supply line assembly 40 may be permanemly affixed
to the bladder 60 or attached by means of additional “quick-
disconnect” supply line connectors 48 and 49.

Referring to FIG. 3, the bladder 60 may be permanently
affixed to the supply line assembly 40 or attached by means
of the mating halves of additional “quick-disconnect” supply
line connectors 38 and 39. Various bladder shapes and sizes
are contemplated for application on specific therapy sites,
such as the human knee, ankle, or elbow, to sufficiently
surround the therapy site to achieve optimal cold therapy
results. The general structure of the bladder 60 is preferably
two layers of flexible, weldable polymer or other suitable
material 61, which are heat-welded or otherwise sealed
completely around the outer seam of the bladder 62. Bladder
supply tubes 63 and 64 are attached to the bladder 60 by

" means of a leak-proof seal 65. The bladder 60 may incor-

porate one or more internal seams 66 or internal walls (not
shown), the function of which is to direct the flow of cooling
fluid from the bladder supply tubes 63 and 64 uniformly

-through the bladder 60, and provide control over expansion

of the bladder 60 in response to the higher periodic pressure
imposed during tactile stimulation of the therapy site as
illustrated in FIG. 4.

Referring to FIG. 1, the bladder 60 is held on the therapy
site preferably by means of a wrap 70 made of neoprene
rubber or other suitable insulating, flexible material, which
is shaped 1o hold the bladder 60 snugly on the therapy site
but allow flexibility for expansion and contraction of the
bladder 60 during tactile stimulation of the therapy site. The
wrap is held in place preferably by means of “Velcro”
fasteners which are attached or sewn onto the wrap 70 such
that the wrap 70 can be adjusted by the particular user to fit
snugly and comfortably.

The apparatus maintains therapy temperature control at
the therapy site by pumping circulation water at a precisely
determined temperature from the pump/heat exchanger 13
through the bladder 60 to achieve the desired preset therapy
temperature or preprogrammed therapy temperature-time
profile, as monitored by the thermistors 20. The reservoir 19,
pump/heat exchanger 13, supply tubes 41 and 42, and
bladder 60 form a fluid circuit in which fluid may flow in
either direction. Net flow through the bladder 60 is achieved
by creating a pressurized output flow via the pump/heat
exchanger 13 with the spent water returning from the
bladder 60 to the air/water separator and ultimately to the -
inlet side of the pump/heat exchanger 13. The pump/heat
exchanger 13, under microprocessor control, continuously
displaces a precise amount of re-circulation water with water
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from the constant lemperature reservoir to precisely main-
tain the temperature of the circulation water exiting the
pump/heat exchanger 13. The displaced re-circulation water
is returned to the reservoir via the air/water separator 15 to
maintain a constant volume in the circulation system. To
ensure a uniform temperature distribution at the therapy site
or sites, particularly when multiple bladders are used in
series in post-bilateral surgery therapy, maximum flow rate
and pressure through the circulation system is maintained.

To achieve tactile stimulation when this mode of opera-

tion is selected by the user, while maintaining the preset or
preprogrammed therapy temperature, the pump/heat
~exchanger 13 is periodically turned off for preprogrammed
intervals to periodically allow the pressure in the bladder 60
to be cycled between zero and maximum. This imposed
periodic pressure variation on the bladder 60 will provide
tactile stimulation at the therapy site while maintaining the
desired therapy temperature through the resulting deflation/
inflation cycles in response to the pressure variations.

The control electronics 7 incorporate sufficient non-
volatile electronic memory to allow storage, recall and
implementation of a plurality of preprogrammed or user-
programmed therapy temperature-time profiles, in addition
1o the operating program of the apparatus. In addition to the
plurality of preprogrammed therapy temperature-lime pro-
files contemplated to be provided with the apparatus, user-
programming may be accomplished through the keys incor-
porated into.the control/display electronics 6.

The control electronics and associated operating program

have the capability of comparing. the therapy temperature’

applied at the therapy site or sites to a constant therapy
temperature, or 1o a lime-varying therapy temperature-time
profile in real time for purposes of implementing closed-
loop therapy temperature control. The control electronics
and associated operating program monitor the output of the
thermistors and produce an audible signal from a sound
emitting device when the temperature detected by the ther-
mistors indicates that the cooling/heating capacity in the
reservoir is insufficient to maintain the closed-loop therapy
temperature control within a preset temperature tolerance
value. ' ’

 The present invention provides an casily transportable
cold therapy apparatus providing closed-loop therapy tem-
perature control and tactile stimulation of the therapy site
which may be used by human and mammalian subjects and
employed on various therapy sites. Other embodiments
within the scope of the invention are feasible. For example,
a device with dual pumps capable of bi-directional flow
closed-loop temperature control and increased tactile stimu-
lation is feasible. A dual pump device could implement
closed-loop temperature control using analog control elec-
tronics in the form of a solid state thermostat with the
therapy site temperature sclected with a mechanically oper-
ated device, such as a potentiometer in conjunction with a
temperature read-out device. Increased tactile stimulation
for a dual pump device could be achieved by engaging both
pumps simultaneously, imposing momentary higher pres-
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sure on the bladder with no net fluid flow momentarily. '

Since many changes could be made in the above construc-
tion and many apparently widely different embodiments of
this invention could be made without departure from the
scope thereof, it is intended that all matter contained in the
above description or shown in the accompanying drawings
shall be interpreted as being illustrative only and not limit-
ing.

We claim:

1. A thermal therapy apparatus for applying temperature-
controlled therapy 1o a therapy site on a mammalian body,
comprising: o

60

65

8
a therapy pad for applying temperature-controlled therapy
to the therapy site; - ;

a recirculation fluid loop comprising a fluid channel
defined by said therapy pad; - _

a pump for circulating fluid through said recirculation
fluid loop; o :

a thermal reservoir for containing fluid;

F-]

fluid exchanger coupling said thermal reservoir with
said recirculation fluid loop, said fluid exchanger being
constructed 10 mix a controllable amount of thermal
reservoir fluid into said recirculation fluid loop; and

control mechanism coupled to said fluid exchanger for
enabling adjustable control of the mixing of thermal
reservoir fluid into said recirculation fluid loop to
thereby control the temperature of the fluid circulating
in said recirculation fluid loop.

2. The therapy apparatus of claim 1, wherein said heat
exchanger comprises means for delivering a predetermined
volume of fluid from said thermal reservoir into said recir-
culating fluid loop. !

3. The therapy apparatus of claim 1, wherein said therapy
pad includes a flexible surface and wherein said control
mechanism is coupled to said pump for enabling adjustable
control of fluid pressure in said therapy pad.

4. The therapy apparatus of claim 3, wherein said control
mechanism is adapted to vary pressure of recirculating fluid
within said therapy pad in a manner to apply tactile stimu-
lation to a therapy site by increasing and decreasing fluid
pressure in said therapy pad.

S, The therapy apparatus of claim 1, wherein said control
mechanism comprises an alarm adapted to actuate whenever
said thermal reservoir lacks thermal capacity to maintain a
predetermined therapy temperature. .

6. The therapy apparatus of claim 1, wherein said recir-
culating fluid loop comprises a first temperature sensor for -
monitoring therapy temperature.

7. The therapy apparatus of claim 6, wherein said control
mechanism comprises control electronics for said heat
exchanger, said control electronics being coupled to said
first temperature sensor, user-operated controls and a display |
for manual selection and visual confirmation of therapy
temperature, said control electronics comprising an associ-
ated operating program and means for programming, storing
and retrieving a therapy temperature-time profile for imple-
menting therapy temperature control.

8. The apparatus of claim. 7, wherein said control elec-
tronics further comprises means for determining a time-
varying therapy temperature specified in said therapy
temperature-time profile in real time for implementing
therapy temperature control. '

9. The apparatus of claim 8, wherein said control elec-
tronics further comprises means for comparing time-varying
therapy temperature applied at said therapy site to a tem-
perature specified in said therapy temperature-time profile in
real time for implementing closed-loop therapy temperature
control.

10, The therapy apparatus of claim 7, wherein said control
electronics further comprises an alarm for waming a user

0

when said thermal reservoir lacks thermal capacity to main-

tain therapy temperature.

11. The therapy apparatus of claim 10, wherein said alarm
comprises a second temperature sensor connected o said
control electronics for monitoring temperature in said recir-
culating fluid loop of fluid exiting said therapy pad, said first
temperature sensor monitoring temperature in said recircu-
lating fluid loop of fluid entering said therapy pad, said
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control electronics monitoring said_first lemperature sensor
and said second temperature sensor and producing a signal
when temperatures detected by said first temperature sensor
and said second temperature sensor indicate that said ther-

10

mal reservoir has insufficient thermal capacity to maintain a
selected therapy temperature within a preset tolerance value.

® % ok X %
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(57] ABSTRACT

A thermal therapy device for applying temperature con-
trolled therapy 1o a therapy site on a mammalian body,
comprising: ‘a therapy pad for applying a selected therapy
temperature to the therapy site; a recirculating fluid loop
comprising a fluid channel defined by the therapy pad; a
pump for circulating fluid through the recirculating fluid
loop; a thermal reservoir; a heat exchanger coupling the
thermal reservoir with the recirculating fluid*loop; and a
control mechanism coupled to the heat. exchanger for
enabling adjustable control of therapy temperature. The heat
exchanger selectively mixes fluid recirculating in the fluid:
loop with fluid from the thermal reservoir in an adjustable
mixing ratio to achieve the selected therapy temperature at
the therapy site. ' :

‘38 Claims, 8 Drawing Sheets
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APPLYING THERMAL THERAPY TO
LIVING TISSUE

This is a continuation-in-part of U.S. application Ser. No.
08/450,641, filed May 25, 1995, now U.S. Pat. No. 5,865,
841. :

BACKGROUND OF THE INVENTION

This invention relates to devices and methods for apply-
ing thermal therapy to living tissue.

Thermal therapy involves the application of heat or cold-

to tissue to heal and rehabilitate injuries, such as, bruises,
sprains, or other trauma to bone, muscle, ligaments, tendons,
and skin. Cold therapy can be used to reduce swelling,
reduce pain and promote healing of injured tissue. Heat
therapy can be used to loosen joint tissue, such as, ligaments
and tendons, to increase range of motion, e.g., before
strenuous activity. Thermal therapy can be used after surgery
to reduce pain and swelling and promote healing. Thermal
therapy can also be used as part of an orthopedic therapy
program, a sports medicine program, and to heal and reha-
bilitate animals, such as, thoroughbred race horses.

Common thermal therapy methods, e.g., application of an

- ice bag or a hot water bottle, are difficult to hold in place, are
statically applied, cause uneven cooling or heating across
the treatment site, and do not allow the cooling or heating
temperature to be readily controlled.

A number of devices have been proposed for applying
cold therapy to living tissue, with or without pressure. One
device that has been developed for cooling a human knee
includes a large cooler that contains chilled water which is

circulated through a tube and into a cooling pad. The cooling

pad is applied to a desired therapy site and held in place by
a strap. The cooling rate is adjusted by increasing or
decreasing the flow resistance through the tube leading to
the cooling pad. Miller U.S. Pat. No. 2,531,074 describes a
device which includes a flexible, multi-chamber thermal pad
into which heated or cooled water is alternately injected at
high and low pressures to provide temperature-controlled
message therapy. Chessey U.S. Pat. No. 2,726,658 describes
a system in. which a coolant is pumped directly from a
thermostatically-controlled refrigeration system into a cool-
ing pad. Grossan U.S. Pat. No. 3,993,053 describes a mas-
saging pad that includes a set of elastic tubing coils through
which temperature controlled fluid is pulsed at high and low
pressures to achieve a massaging effect. Copeland U.S. Pat.
No. 4,149,529 describes a system that delivers heated or
cooled liquid into a dry appliance for performing tempera-
ture and intermittent compression treatment; the system also
provides a thermal therapy bath treatment.

SUMMARY OF THE INVENTION

In one aspect, the invention features a thermal therapy
device for applying temperature controlled therapy to a
therapy site on a mammalian body, comprising: a therapy
pad for applying a selected therapy temperature to the
therapy site; a recirculating fluid loop comprising a fluid
channel defined by the therapy pad; a pump for circulating
fluid through the recirculating fluid loop; a thermal reser-
voir; a heat exchanger coupling the thermal reservoir with
the recirculating fluid loop; and a control mechanism
coupled to the heat exchanger for enabling adjustable con-
trol of therapy temperature.

In another aspect, the invention features a thermal therapy
device for applying temperature-controlled therapy to a
therapy site.on a mammalian body, comprising: a therapy

5,980,561
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pad for applying a sclected therapy -temperature to the
therapy site; a recirculating fluid loop comprising a fluid
channel defined by the therapy pad; a thermal reservoir; and
a heat exchanger coupling the thermal reservoir with the
recirculating fluid loop, the heat exchanger being con-
structed and arranged to selectively mix fluid recirculating in
the fluid loop with fluid from the thermal reservoir in an
adjustable mixing ratio to achieve the selected therapy
temperature at the therapy site.

Embodiments of the invention may include one or more
of the following features. The heat exchanger preferably
comprises means for delivering a predetermined volume of
fluid from the thermal reservoir into the recirculating fluid
loop. The therapy pad preferably includes a flexible surface,
and the control mechanism is preferably coupled to the
pump for enabling adjustable control of fluid pressure in the
therapy pad. The control mechanism is preferably adapted to

" vary pressure of recirculating fluid within the therapy pad in
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a manner lo apply tactile stimulation to a therapy site by
increasing and decreasing fluid pressure in the therapy pad.
The control mechanism preferably comprises an alarm
adapted to actuate whenever the thermal reservoir lacks
thermal capacity to maintain a predetermined therapy tem-
perature.

In some embodiments, the recirculating fluid loop com-
prises a first temperature sensor for monitoring therapy
temperature. In these embodiments, the control mechanism
preferably comprises control electronics for the heat
exchanger. The control electronics are preferably coupled to
the first temperature sensor, user-operated controls and a
display for manual selection and visual confirmation of
therapy temperature. The control electronics also preferably
comprise an associated operating program and means for
programming, storing and retrieving a therapy temperature-
time profile for implementing therapy temperature control.
The control electronics further preferably comprise means
for determining a time-varying therapy temperature speci-
fied in the therapy temperature-time profile in real time for
implementing therapy temperature control. The electronics
may comprist means for comparing time-varying therapy
temperature applied at thé therapy site to a temperature
specified in the therapy temperature-time profile in real time
for implementing closed-loop therapy temperature control.
The control electronics may also comprise an alarm for
warning a user when the thermal reservoir lacks thermal
capacily to maintain therapy temperature. The alarm pref-
erably comprises a second temperature sensor connected to
the control electronics for monitoring temperature in the
recirculating fluid loop of fluid exiting the therapy pad, the
first temperature sensor monitoring temperature in the recir-
culating fluid loop of fluid entering the therapy pad, the
control electronics monitoring the first temperature sensor
and the second temperature sensor and producing a signal
when temperatures detected by the first temperature sensor
and the second temperature sensor indicate that the thermal
reservoir has insufficient thermal capacity to maintain a
selected therapy temperature within a preset tolerance value.

The heat exchanger preferably comprises a second ther-
mal reservoir. The heat exchanger also preferably comprises
a valve for selectively mixing fluid from the first thermal
reservoir with fluid from the second thermal reservoir
according to a prescribed mixing ratio and for introducing
mixed fluid to the pump for circulation in the recirculating
fluid loop. In some embodiments, the control mechanism

- comprises a knob for manually adjusting the valve to

65

achieve the prescribed mixing ratio.
In some embodiments, the second thermal reservoir com-
prises an air/water separator. In other embodiments, the heat
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cxchanger comprises a sccond pump for delivering fluid
from the first thermal reservoir to the second reservoir, and
further comprises an overflow fluid path for returning excess
fluid in the second thermal reservoir to the first thermal
reservoir. The control mechanism preferably selectively
adjusts the second pump to achieve a prescribed fluid
temperature in the second thermal reservoir.

There is a need for a cost-effective thermal therapy device
for applying cold or heat therapy to a human or mammalian

body that is small enough to be easily transported and used

in a wide variety of locations, adaptable to many different
mammalian body forms and potential therapy sites, capable
of providing controlled temperature therapy at a preset
temperature or by a preprogrammed ‘temperature profile,
capable of monitoring the therapy temperature directly at the
therapy site, and capable of providing tactile stimulation to
the therapy site to alleviate the problems of static thermal
therapy and enhance the beneficial effects of thermal
therapy. The present invention fulfills these needs, and
further provides related advantages.

Other features and advantages of the invention will
become apparent from the following description of presently
preferred embodiments, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a thermal therapy device
of the invention for applying thermal therapy to the knee of
a person.

FIG. 2 is a perspective view, partially broken away, of a
reservoir housing for a thermal therapy device of the inven-
tion. v

FIG. 2A is a schematic diagram of the thermal therapy
device of FIG. 1, including a thermal reservoir, a heat
exchanger, and a treatment pad.

FIG. 3 is a diagrammatic view of insulated fluid supply
and return lines a thermal therapy device of the invention.

FIG. 4 is a diagrammatic view of a thermal therapy
treatment pad for a device of the invention.

FIGS. § and 5A are cross-sectional views of the treatment
pad of FIG. 4 shown in inflated condition and deflated
condition, respectively. :

FIG. 6 is a therapy temperature time profile programmed
into a therapy device controller. . '

FIG. 7 is a schematic diagram of an alternative thermal
therapy device.

FIG. 8 is a schematic diagram of another alternative
thermal therapy device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a thermal therapy device 10 applies
temperature-controlled thermal therapy to the knee 12 of a

5,980,561
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person 14. Thermal therapy device 10 includes a portable

reservoir 16 that is connected to a thermal therapy treatment
" pad 18 by a thermally insulated supply and return assembly
20. As described in detail below, thermal therapy device 10
uniformly heats or cools the person’s knee according to a
predetermined temperature schedule, and can be pro-
grammed to stimulate the patient’s knee by controllably
varying the inflation pressure inside treatment pad 18.-A
- wrap 21, which is made of, e.g., neoprene rubber, is shaped
to snugly hold treatment pad 18 in place at the therapy site,
while allowing the treatment pad to expand and contract
during. tactile stimulation of the person’s knee. Wrap 21 is

60
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held in place by VELCRO®, i.c. hook-and-loop type, fas- .
teners that allow the wrap to be sclectively adjusted to fit
firmly, evenly and comfortably in place at the therapy site.

Referring to FIG. 2, in one embodiment, portable reser-
voir- 16 includes a protective outer case 22 and an inner,
leak-proof thermal reservoir 24. Rescrvoir 24 is thermally
insulated by a thermal lining 26, which fills the space
between the outer walls of reservoir 24 and the inner wall of
outer case 22. A thermally insulated lid 28 opens to provide
access to reservoir 24. Lid 28 includes a seal (not shown)
sized and constructed to form a fluid-tight seal between lid
28 and the top opening of reservoir 24 when the lid is closed,
to prevent fluid from leaking during use.

A fluid control system 30 is contained within the housing,
in a compartment space provided between the thermal
reservoir and the outer casing. A heat exchanger 31, within
the fluid control system, includes a pump 32, a single pole,
double-throw priming valve 34, and an air/water separator
36. (In some embodiments, a solenoid valve may replace the
single pole, double-throw priming valve.) Pump 32 includes
an input 40 and an output 42, and is powered by a motor 38.
Pump input 40 is connected to the output of priming valve
34, and pump output 42 is connected to a quick-disconnect
outlet 44, through which fluid flows from the pump to the
treatment pad. An input 46 of priming valve 34 is connected
to thermal reservoir 24, and an input 48 of the priming valve
is connected to an output of air/water separator 36. An
overflow tube 50 provides a fluid path between the air/water
separator and thermal reservoir 24. Air/water separator 36

_receives fluid from the treatment pad through tubing 51 from

a quick-disconnect inlet 52. The temperature of the fluid that
is supplied to the treatment pad is monitored by thermistors
54 placed in the fluid paths of the supply and return lines of
supply and return assembly 20.

Reservoir 24 accommodates crushed ice, ice cubes and
pre-formed freezable cold sources, such as, those commonly
used in portable coolers. The reservoir is easily recharged
with additional ice if needed during use, without requiring
the person to remove the pad from the therapy site. For heat.
therapy, hot water can be introduced into the rescrvoir, or the
reservoir fluid can be controllably heated using an immer-
sion heater.

The temperature of the fluid supplied to the treatment pad
is controlled by a microprocessor-based controller 56
(control electronics). Based on the therapy temperature
measured by thermistors 54, controller 56 produces an
audible alarm signal when the cold or heat source in the
reservoir is exhausted and the desired therapy temperature
cannot be maintained within preset tolerances; an alarm also
sounds if the unit detects a restricted flow in the circulation
system. Controller 56 incorporates a non-volatile electronic
memory for storing, recalling and implementing one or more
preprogrammed or user-defined therapy temperature time
profiles. Input keys 58 are used to program the desired
temperature profile into controller memory. The monitored
temperature is shown on a digital display 60. Display 60
may also indicate the amount of therapy time remaining.
Electrical power is supplied to fluid control system 30 from
a conventional wall outlet, through power conaector 62, to
switching power electronics 64.

As shown in FIG. 2A, heat exchanger 31 controls the
temperature of treatment pad 18 by mixing a controlled
amouat of fluid from thermal reservoir 24 with recirculated
fluid returning from the treatment pad through air/water
separator 36. By using the real-time temperature information
generated. by thermistors 54, controller 56 adjusts valve 34

Exhibit B, Page 27




o
5

to control the proportion of reservoir fluid that mixes with
the recirculation fluid received from the pad to achiceve the
prescribed treatment pad temperature. For example, if the
fluid injected to the treatment pad through quick-disconnect
outlet 44 is at the prescribed temperature, controller 56 will
adjust valve 34 so that no fluid is received from reservoir 24;
in other words, pump 32, treatment pad 18, and air/water
separator 36 form a closed-loop system (the fluid may flow
in either direction). If the output fluid temperature drops,
however, controller 56 will adjust valve 34 so that fluid from
reservoir 24 mixes with recirculated water from air/water
separator 36 in the proportion selected to achieve the desired
output fluid temperature. Because the fluid volume in the
fluid flow path defined by the pump, the treatment pad, and
the air/water separator is substantially fixed, some recircu-
lated fluid will be displaced and tlow into reservoir 24 via
. overflow tube 50 to complete the heat exchange process.
To ensure uniform temperature distribution at the therapy
site (or sites), a high flow rate is used to reduce the
temperature gradicnt that develops across the treatment pad
as a result of heat transfer at the treatment site. In some
embodiments, the thermal therapy device includes multiple

treatment pads coupled in series, which can be used, e.g., in |

the treatment of post bilateral surgery therapy. High flow
rates are generally needed in these multi-pad embodiments
to reduce the temperature differential between the upstream
and downstream treatment pads. The flow rate can also be
selected based on the anticipated heat load at the treatment
‘site. »

Referring to FIG. 3, insulated supply and return’ assembly
20 includes a flexible fluid supply line 66 that connects to
quick-disconnect outlet 44 via a mating quick-disconnect
connector 68, and a flexible fluid return line 70 that connects
to quick-disconnect return inlet 52. In the embodiment
shown in FIG. 3, the supply and return line assembly 20 is
attached to the treatment pad via quick-disconnect connec-
tors 74, 76. The flexible supply and return lines 66, 70 are
encased in thermal insulation 78 (e.g., polyurethane foam)
that reduces ambient heat loads, makes the entire line
assembly fluid tight, durable and flexible, and is more
comfortable for the user to handle. The length of the supply
and return line assembly is selected based at least in part on
the size of the user and on the anticipated thermal therapy
treatment.

Various treatment pad shapes and sizes are contemplated
depending on the selected treatment site (e.g., ankle, knee,
elbow), with the object being to sufficiently cover the
treatment site to achieve optimal therapy results. In the
embodiment shown in FIG. 4, a treatment pad 80 is formed
of two layers of flexible polymeric material 82 that are
‘heat-welded or otherwise sealed together at the outer edge
84 of the pad. In this embodiment, supply and return lines
86, 88 are permanently attached to treatment pad 80 by a
leak proof seal 90. Pad 80 also includes one or more internal
seams 92 (or internal walls), which uniformly direct the flow
of cooling fluid through the pad; the internal seams also
control the expansion and contraction of the pad.

" Referring to FIGS. 5§ and SA, treatment pad 80 is con-
structed to allow the pad to expand (FIG. 5) and to contract
(FIG. 5A) in response to varying fluid pressures applied by
the heat exchanger, and to ensure a uniform distribution of
circulating fluid within the pad. To achieve tactile
stimulation, pump 32 is turned off and on at preprogrammed
intervals to periodically allow the pressure in the treatment
pad to be cycled between low and high values. Such a
periodic pressure variation in the treatment pad provides
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desired therapy temperature. Controller 56 (FIG. 2) can be

- programmed to simultancously provide the desired tempera- -
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tactile stimulation at the therapy site while achieving the

ture profile and the desired tactile stimulation.

Although a constant therapy temperature time profile may
be programmed into controller 56, it is preferable to vary the
temperature during treatment to avoid discomfort and permit
long term thermal therapy without causing tissue damage.
As shown in FIG. 6, a preferred cold therapy temperature
time profile calls for a reduction in the applied therapy
temperature from room lemperature to a predetermined
minimum temperature (e.g., 45° F.) during an initial treat-
ment stage; during an intermediate stage the minimum
therapy temperature is maintained for a fixed period (e.g.,
nine minutes); and during a final treatment stage the tem-
perature is increased at regular intervals (c.g., every five
minutes) until the treatment temperature is at about 65° F.
The applied therapy temperature is maintained at 65° F. for
the duration of the prescribed treatment period.

Other embodiments are within the scope of the claims.

For example, in one embodiment, the thermal therapy
device uses two pumps, instead of the combination of a -
single pump and a single pole, double-throw valve, to
achieve bi-directional flow, closed-loop temperature control
and increased tactile stimulation. Such a dual-pump device
implements closed-loop temperature control using analog
control electronics in the form of a solid state thermostat
with the therapy site temperature selected with a mechani-
cally operated device, such as a potentiometer in conjunc-
tion with a temperature read-out device. Increased tactile
stimulation for a dual-pump device could be achieved by
engaging both pumps simultaneously, imposing momentary
higher pressure on the pad with no net fiuid flow. :

Automatic Closcd-Lobp Heat Exchanger

Referring to FIG. 7, a thermal therapy device 100 includes
a primary reservoir 102 that is coupled to a secondary
reservoir 104 by an active flow path 106 and by an overflow
path 108; the primary and secondary reservoirs are separated
by a thermal barrier 110. Active flow path 106 includes a
dedicated constant pressure circulation pump 112. The tem-
perature of the fluid in the secondary reservoir is monitored
using a thermal sensor 114. A controller 116 adjusts the
pump rate to maintain the temperature in the secondary
reservoir at a desired temperature by controlling the fluid:
flow from the primary rescrvoir. Any excess fluid in the
secondary reservoir is returned to the primary reservoir
through overflow fluid path 108, completing the heat
exchange circuit. A high speed circulation pump 118 con-
trollably injects fluid from secondary reservoir 104 into a
thermal therapy treatment pad 120.

The closed-loop electronic control allows the temperature
of the secondary reservoir fluid to be maintained at a desired
set-point value within about £0.3° F. in a desired tempera-
ture range (e.g., 45° F. to 65° F,, with the temperature of the
primary reservoir fluid at about 35° F.) for practical thermal
loads. When the secondary reservoir fluid temperature cor-
responds to the programmed temperature, the controller
adjusts the pump speed so that the thermal transfer from the
primary reservoir makes up for the thermal transfer at the
treatment site through the treatment pad, which is repre-
sented by the difference in temperature between fluid 122
injected into the pad and fluid 124 returning from the pad.
When the temperature profile programmed into controller
116 indicates that the therapy temperature is to be changed,
the controller increases or decreases the speed of pump 112,
depending on whether the applied temperature is to be
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increased or decreased. Because the fluid from the secondary
reservoir is injected into the treatment pad at a high rate, the
thermal load at the treatment site does not substantially
affect the temperature of the fluid through the treatment pad
and, consequently, the temperature differential across the
treatment pad is maintained within about 2-3° F. of the
programmed set-point value. )

Reservoir 102 accommodates crushed ice, ice cubes and
pre-formed freezable cold sources, such as, those commonly
used in portable coolers. The reservoir is easily recharged
. with additional ice if needed during use, without requiring
the person to remove the pad from the therapy site. For heat
therapy, hot water can be introduced into the reservoir, or the
reservoir fluid can be controllably heated using an immer-
sion heater. Because ice water is used for the primary
thermal reservoir, the thermal therapy device is highly
cost-¢ffective.

Manual Open-Loop Heat Exchanger

Referring to FIG. 8, a thermal therapy device 130 includes
a primary thermal reservoir 132 and a secondary thermal
reservoir 134. As in the embodiments described above,
primary thermal reservoir 132 can accommodate a mixture
of water and crushed ice or other cold source, or heated fluid.

The mixing ratio of primary reservoir fluid 133 and recir- .

culation fluid 135 from the secondary reservoir is adjusted
by a manually-controlled valve 136. A high speed circula-
tion pump 138 controls the flow of fluid into a thermal
therapy treatment pad 140. Any excess fluid in the secondary
reservoir is returned to the primary reservoir through over-
flow path 142, which completes the heat exchange circuit.

By adjusting valve 136 a user can empirically control the
temperature of the secondary in an open-loop fashion. The
water is mixed within the pump creating a near constant
temperature within the circulation loop and the secondary
reservoir. Preferably, valve 136 includes markings that indi-
cate the correspondence between valve position and treat-
ment temperature. For example, in one embodiment, valve
136 includes a marking that corresponds to a mixing ratio
needed to provide a temperature of 45° F., which the user
may apply to the treatment site for the initial period of
treatment (e.g., ten to fifteen minutes). Valve 136 also
includes a second marking that corresponds to a mixing ratio
needed to provide a temperature of 65° F., which the user
may apply to the treatment site indefinitely.

Still other embodiments are within the scope of the
claims.

We claim:

1. A thermal therapy device for applying temperature-
controlled therapy to a therapy site on a mammalian body,
comprising: »

a therapy pad for applying temperature-controlled therapy

to the therapy site; '

a recirculation fluid loop comprising a fluid channel
defined by said therapy pad;

a thermal reservoir for containing fluid;

a fluid exchanger coupling said thermal reservoir with
said recirculation fluid loop, said fluid exchanger being
constructed to exchange an adjustable amount of fluid
in said recirculation fluid loop with thermal reservoir
fluid.

2. The therapy device of claim 1, further comprising a
control mechanism coupled to said fluid exchanger for
enabling adjustable control of the exchange of fluid in said
recirculation fluid loop with thermal reservoir fluid to
thereby control the temperature of the fluid circulating in
said recirculation fluid loop.
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3. The therapy device of claim 2, further comprising a
pump for circulating fluid through said recirculation fluid
loop, wherein said therapy pad includes a flexible surface
and wherein said control mechanism is coupled to said pump
for enabling adjustable control of fluid pressure in said
therapy pad.

4. The therapy device of claim 3, wherein said control
mechanism is adapted to vary pressure of recirculating fluid
within said therapy pad in a manner to apply tactile stimu-
lation to a therapy site by increasing and decreasing fluid
pressure in said therapy pad.

S. The therapy device of claim 2, wherein said control
mechanism comprises an alarm adapted to actuate whenever
said thermal reservoir lacks thermal capacity to maintain a
predetermined therapy temperature.

6. The therapy device of claim 1, wherein said recircu-
lating fluid loop comprises a first temperature sensor for
monitoring therapy temperature.

7. The therapy device of claim 6, further comprising
control electronics coupled to said first temperature sensor,
user-operated controls and a display for manual selection
and visual confirmation of therapy temperature, said control
electronics comprising an associated operating program and
means for programming, storing and retrieving a therapy
temperature-time profile for implementing therapy tempera-
ture control.

8. The device of claim' 7, wherein said control electronics
further comprises means for determining a time-varying
therapy temperature specified in said therapy temperature-
time profile in real time for implementing therapy tempera-
ture control. o :

9. The device of claim 8, wherein said control electronics
further comprises means for comparing time-varying
therapy temperature applied at said therapy site to a tem-
perature specified in said therapy temperature-time profile in
real time for implementing closed-loop therapy temperature
control.

10. The therapy device of claim 7, wherein said control
electronics further comprises an alarm for warning a user
when said thermal reservoir lacks thermal capacity to main-
tain therapy temperature.

11. The therapy device of claim 10, wherein said alarm
comprises a second temperature sensor connected to said
control electronics for monitoring temperature in said recir-
culating fluid loop of fluid exiting said therapy pad, said first
temperature sensor monitoring temperature in said recircu-
lating fluid loop of fluid entering said therapy pad, said
control electronics monitoring said first temperature sensor
and said second temperature sensor and producing a signal
when temperatures detected by said first temperature sensor
and said second temperature sensor indicate that said ther-
mal reservoir has insufficient thermal capacity to maintain a
selected therapy temperature within a preset tolerance value.

12. The therapy device of claim 1 further comprising a
second thermal reservoir.

13. The therapy device of claim 12, wherein said second
thermal reservoir is constructed and arranged to function as
an air/water separator.

14. The therapy device of claim 12 wherein said heat
exchanger comprises a valve for selectively mixing fiuid
from said first thermal reservoir with fluid from said second
thermal reservoir according to a prescribed mixing ratio and
for introducing mixed fluid to said pump for circulation in
said recirculating fluid loop.

15. The therapy device of claim 14 wherein said control
mechanism comprises a knob for manually adjusting said
valve 1o achieve the prescribed mixing ratio.
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16. The therapy device of claim 12, wherein said fluid
exchanger is adapted to inject a controllable amount of fluid
from said first thermal reservoir into said second thermal
reservoir.

17. The therapy device of claim 12, wherein said recir-
culation fluid loop is adapted to deliver fluid into, and to
draw fluid from, said second thermal reservoir.

18. The therapy device of claim 12, wherein said fluid
exchanger is adapted to supply fluid into said recirculation
fluid loop from said first and second thermal reservoirs in an
adjustable mixing ratio.

19. The therapy device of claim 18, wherein lhc fluid
channel of said recirculation fluid loop is coupled between
said second thermal reservoir and said fluid exchanger.

20. A thermal therapy device for applying temperature
controlled therapy to a therapy site on a mammalian body,
comprising:

a therapy pad for applymg a selected therapy temperature

to the therapy site, .

a recirculation fluid loop comprising a fluid channel
defined by said therapy pad;

a first pump for circulating ﬂUld through said recirculating
fluid loop; .

a first thermal reservoir;

a heat exchanger coupling said thermal reservoir with said
recirculating fluid loop, said heat exchanger comprising
a second thermal reservoir and a second pump for
delivering fluid from said first thermal reservoir to said
second thermal reservoir, and further comprising an
overflow fluid path for returning excess fluid in said
second thermal reservoir to said first thermal reservoir;
and

a control mechanism coupled to said heat exchanger for
enabling adjustable control of therapy temperature.

21. The therapy device of claim 20 wherein said control
mechanism selectively adjusts said second pump to achieve
a prescribed fluid temperature in said second thermal reser-
Voir.

22. A thermal therapy device for applying temperature
controlled therapy to a therapy site on a mammalian body,
comprising:

a therapy pad for applying a selected therapy temperature

to the therapy site;

a recirculating fluid loop comprising a ﬂurd channel
defined by said therapy pad,

a thermal reservoir; and

a fluid exchanger coupling said thermal reservoir with
said recirculating fluid loop, said heat exchanger being

. constructed and arranged to selectively mix fluid recir-
culating in said fluid loop with fluid from said thermal
‘reservoir in an adjustable mixing ratio to achieve the
selected therapy temperature at the therapy site.

23. The therapy device of claim 22 further comprising a
pump for circulating fluid through said recirculating fluid
loop.

24. The therapy device of claim 23 further comprising a
control mechanism coupled to said fluid exchanger for
enabling adjustable control of the mixing ratio to achieve the
selected therapy temperature at the therapy site.

25. A thermal therapy device comprising:

a reservoir for containing a fluid;

a fluid line having an input for dehvermg fluidtoa therapy
pad and an output for receiving fluid from the therapy
pad;

a pump coupled to the fluid line for circulating fluid
through the fluid line; and
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a fluid exchanger for exchanging a controlled amount of
fluid in said fluid line with fluid from the reservoir to
achieve a desired fluid temperature in the fluid line.

26. The thermal therapy device of claim 25 wherein the
fluid exchanger comprises a diverter valve.

27. The therapy device of claim 26 wherein the diverter
valve is manually-controllable.

28. The thermal therapy device of claim 25 wherein the
fluid line comprises a second reservoir.

29. The thermal therapy device of claim 25 further
comprising a therapy pad coupled to the input and the output
of the fluid line.

30. The thermal therapy device of claim 25 wherein the
fluid exchanger is adapted to displace a controlled amount of
fluid out of the fluid line.

31. The thermal therapy device of claim 30 wherein the
amount of fluid mixed into the fuid line from the reservoir

" is substantially equal to the amount of fluid displaced out of
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the fluid line.

32. The thermal therapy device of claim 21 wherein the
fluid exchanger comprises a second pump.

33. A thermal therapy device comprising:

a reservoir for containing a fluid;

a fluid line having an input for delivcring fluid to a therapy
pad and an output for recelvmg fluid from the therapy
pad;

a pump coupled to the fluid line for circulating fluid
through the fluid line; and a fluid exchanger for mixing
a controlled amount of fluid from the reservoir into the
fluid line to achieve a desired fluid temperature in the
fluid line, the fluid exchanger comprising a second
pump. '

34. A thermal therapy device for applying temperature-
controlled therapy to a therapy site on a mammalian body,
‘comprising:

a therapy pad for applying temperature-controlled therapy

" to the therapy site; _

a recirculation fluid loop comprising a fluid channel
defined by the therapy pad and containing recirculation
fluid;

a thermal reservoir constructed to contain fluid;

a fluid exchanger coupling the thermal reservoir with the
recirculation fluid loop, the fluid exchanger beiug'oou-
structed to exchange an adjustable amount of recircu-
lation fluid returning from the therapy pad with a
substantially equal amount of thermal reservoir fluid
and to mix the unexchanged recirculation fluid return-
ing from the therapy pad with the substantially equal
amount of thermal reservoir fluid, wherein the unex-
changed recirculation fluid and the substantially equal
amount of thermal reservoir fluid are delivered to the
therapy pad.

35. The therapy device of claim 34, further comprising a
control mechanism coupled to the fluid exchanger for
enabling adjustable control of the exchange of recirculation
fluid with thermal reservoir fluid to thereby control the
temperature of the fluid circulating in the recirculation fluid
loop.

36. The therapy device of claim 38, further comprising a
pump for circulating fluid through the recirculation fluid
loop.

37. A thermal therapy device for applying temperature-
controlled therapy to a therapy site on a mammalian body,
comprising:

a therapy pad including recirculation fluid for applying

temperature-controlled therapy to the therapy site;
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a pump;
a diverter valve; and :
a thermal reservoir constructed to contain fluid coupled to
the pump;
wherein fluid flows through a recirculation loop compris-
ing the pump, the therapy pad, and the diverter valve

‘. - 5980561 o
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thermal reservoir fluid substantially equal to the
amount of recirculation fluid diverted by the diverter
valve, wherein non-diverted recirculation fluid return-
ing from the therapy pad mixes with fluid drawn from
the thermal reservoir and is delivered to the ‘therapy
pad.

38. The therapy device of claim 37, wherein the diverter

and containing recirculation fluid, the diverter valve
diverting from the recirculation loop an adjustable
amount of recirculation fluid returning from the therapy

valve is further coupled to the thermal reservoir for deliv-
ering recirculation fluid diverted from the recirculation loop

10 into the thermal reservoir.

pad, and the pump draws from the thermal reservoir
and injects into the recirculation loop an amount of

»* * * *x Xx
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