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Claim
1. A garment, for reducing the risk of bone

fracture of a human or animal subject due to impact
forces on a greater trochanter disposed En a hip of the
human or animal subject, saild greater trochanter being
at the end of a femur and wherein the hip has a soft
tissue region proximate to the greater trochanter and
the femur lacking a bone part near the skin surface, the
garment comprising:

an energy shunting pad in the shape of a
horseshoe including two arms and defining an exposed
interior area between the two arms, the interior area
coinciding generally with the greater trochanter and the
femur when the garment is mounted on the subject; and

mounting means for removably mounting the energy
shunting pad on the subject with the two arms proximate

to opposing sides of the femur so that a substantial
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portion of impact energy directed at the hip of the
subject is shunted from the greater trochanter to the
soft tissue region where such energy may be safely

dissipated.

8. A method of reducing risk of bone injury due to
impact forces on a greater trochanter disposed in a hip
2f a human or animal subject, the method comprising:

providing an energy shunting pad in the shape of
a horrceshoe inciuding two arms and defining an exposed
interior area between the two arms; and

mounting the energy shunting pad on the subject
so that the interior area coincides generally with the
greater trochanter and femur so that a substantial
portion of impact energy directed at the hip is shunted
from the greater trochanter to the soft tissue region

where such energy may be safely dissipated.

11. A method of reducing risk of bone injury due to

impact forces on a hip of a human or animal subject, the

~

method comprising:

providing energy shunting padding including two
arms defining an exposed interior area between the two
arms; and

mounting the energy shunting padding <n the
subject so that no padding overlies che femur, the
interior area coincides with the femur and the two arms
lie proximate to the femur so that a sukstantial portion
of impact energy directed at the femur is shunted to
soft tissue regions of the hip proximate to the femur

where such energy may be safely dissipated.
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BONE FRACTURE PREVENTION GARMENT AND METHOD

Technical Field

The present invention relates ge;erally to
garments for bone fracture prevention, especially for
the prevention of hip fracture during impact from a
fall, and related methods. The present application is a
divisional application from Australian patent
application 56711/94 the disclosure of which is
incorporated herein by reference.

Background Art
Hip Fracture Epidemiology

Fractures of the proximal femur are a major
source of mortality and morbidity among the elderly.
Approximately 250,000 hip fractures occur in the United
States annually. Nearly 33 percent of women and more
than 17 percent of men will experience a hip fracture if
they live to age 90. Among patients who are
functionally independent prior to a hip fracture, 15 to
25 percent remain in long-term care settings for more
than a year afterward. Another 25 to 35 percent are
dependent on others for their mobility. More than half
of those that survive hip fracture never recover normal
function. Moreover, the average mortality asscciated
with hip fracture in elderly patients is approximately
20 percent in the first vear.

The public health impact of hip fractures is
also staggering. Recent surveys in the United Kingdom
have shown that at any one time about 50 percent of
acute orthopaedic beds are occupied by hip fracture
patients. In the U.S., the average length cf hospital
stay for hip fracture patient is three weeks, longer
than for any other diagnosis. The annual costs

associated with the acute and chronic care of hip
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fracture patients in the United States is estimated to

exceed $7 billion. The problem can only be expect to

worsen with the projected increases in the average age

-~

of the world population, leading socome to'suggest the
possibility of a nearly three-fold rise in the total

number of hip fractures by the middle of the next
century.
Over 90 percent of all hip fractures are caused

by falls. However, the majority of falls in the elderly

result
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in only minor injury, with one to three percent .causing hip
fracture. Surveys among elderly fallers have shown the
following factors increase the risk for éuffering a hip
fracture in a fall (in order of importance)® 1) impacting on
the hip or side of the leg (which increases the risk of
fracture by over 20-fold), 2) having a tall, slender body
habitus, 3) falling with a high initial potential energy
(which depends on both body mass and the height of the
fall), and finally 4) possessing low bone density in the
proximal femur. These results suggest the risk for hip
fracture in a fall is dominated by the severity of the fall
as opposed to the density and strength of the proximal
femur. To réduce the incidence of hip fractures, hip
fracture prevention strategies must therefore either reduce
the incidence of falls, or protect the femur in the event of
a fall. The former strategy may be accomplished by
restricting mobility, although this carries associated
medical risks and impairs personal autonomy and quality of

.1life. It might also be accomplished through exercise

programs in the elderly populations at greatest risk for
falling, although no study to date has proven the
effectiveness of such an approach. In any case, it seenms
unrealistic to expect the complete elimination of falls
anong the elderly, given the often multiple factors
(cardiac, neural, musculoskeletal) and random causes of
falls. It therefore appears that the most reliable method
for reducing hip fracture incidence is to protect the femur
during the impact stage of the fall. This essentially
requires lowering the impact force applied to the femur to a
value below its fracture threshold.

' Hip fracture refers to fracture of the proximal end of
the femur, which is the strongest, heaviest, and longest
bone in the body, accounting for approximately one~fourth
of total body height. fThe proximal end of the femur
consists of a head, neck, and greater and lesser
trochanters. The neck of “the femur connects the spherical
head to the shaft. It is limited laterally by the greater
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trochanter, a large, somewhat rectangular.lateral projection
from the neck and shaft, which provides an insertion site
for several muscles of the gluteal. region. The greater
trochanter lies laterally, just beneath a xelatively thin
layer of skin and adipose tissue (fat), and can be easily
palpated on the lateral side of the thigh. Since it is the
most lateral point of the hip region, the greater trochanter
is the site which comes into contact with a hard surface
when one lies on one's side, and the site where the majority
of impact force is applied when one falls sideways onto the
hip. Consequently, falls to the side resulting in impact to
the greater trochanter carry a high risk for hip fracture.
In contrast to the minimal amount of soft tissue
covering the greater trochanter, a considerable quantity of
soft tissue exists in the posterior gluteal (buttock) and
anterior thigh regions adjacent to the greater trochanter.
Upon impact to these regions, this soft tissue is able to
absorb significant energy, and lower the impact forces
applied to the underlying skeletal structures. Gluteal soft
tissues include the gluteal maximus, medius, and minimus
muscles, as well as the considerable layer of fat overlying
the buttock. The most significant anterior thigh soft
tissues are the quadriceps muscles, which include the three
vastus muscles and the rectus femoris muscle.
Experimentally, when the elderly cadaveric femur is
loaded in a configuration simulating a fall on the hip, the
average force required to fracture it is 2040 N [Lotz JC and
Hayes WC, J Bone Joint Surg [Am], 72-A:689-700, 1990]. The
corresponding average energy absorbed by the bone up to
f}acture is 25 J. At standing height, the potential enerqgy

‘of the body can be well over 20 times this amount.
- Furthermore, we have conducted experiments which suggest the

force applied to the femur at impact from an average
sideways fall to the hip is about 6 kN, over three times the
mean fracture force (Robinovitch,SN, Hayes,WC, McMahon,TA,
J _Biomech Eng, 113: 366~874, 1991). It theréfore appears
that to avoid hip fracture during a fall, one or more of the
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foll.wing must ocour: 1) direct impact to.the lateral aspect
of the hip nust be avoided, 2) the impact site must extend
outside the hip region, or 3) significant energy must be
absorbed by alternative mechanisms such as fontraction of
the thigh muscles during descent, breaking the fall with an
outstretched hand, or deformation of both the floor and the
soft tissue overlying the impact sight. o

Similar to hip fracture, fracture of other bones such
as the tibia, radius, and ulna occurs when the force applied
to the bone exceeds that required to initiate fracture.
Often such a situation arises when the impact energy is
high, and contact occurs to a small area directly overlying
the fracturing bony structure. In such circumstances, the
impact energy cannot be absorbed and/or dissipated through a
large area, and high local stresses are applied to the
underlying bone. .
Prior Art Protective Devices

Several protective garments have been developed with
the aim of preventing'hip fractures., All of these devices
attempt to reduce fracture incidence by reducing the impact
force applied to the femur during a fall on the hip. Most
incorporate an energy absorbing and/or dissipating material
or structure placed.directly over the greater trochanter and
surrounding area (Ferber, U.S. patemt 4,807,301f Galton,
U.S. patent 4,737,994; Kolb, U.S. patent 4,761,834; Kolsky,
U.S. patent 5,034,998; Wortberg, U.S. patent 4,573,216).
The major drawback of such devices is they cover the greater
trochanter and proximal femoral diaphysis, and thus transait
load to these reqicné during impact to the hip. As
déscribed previously, these regions of the femur, and in
particular the greater trochanter, exte-di furthest laterally
of all bony components of the hip regicn, and are protected
by a minimum of overlying soft tissue. They thus represent
the regions of lowest compliance within the total protected
area, and subsequently, during impact to the protective
garment, the majority of impact force is tranémitted to the

femur.
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A further problem with protective devices which cover
the greater trochanter is the compromise that designers face
between device thickness and device rigidity. Device
thickness largely determines wearer acceptability. The more
slender the device, the more acceptable to fhe vearer.
Device rigidity also affects wearer acceptability, since a’
soft, compliant device is more comfortable to the wearer
than a hard, inflexible device. However, device rigidity
also determines the amount of energy absorbed and magnitude
of force produced by deformation of the device. A very
compliant material, while generating low stress or pressure
during compression, will also absorb little energy during
deformation. Unless a device formed of such a material is
several inches thick (and thus unacceptably thick to the
wearer), the potehtial energy available in the fall will
overwhelm the energy absorbing capacity of the material,
causing it to completely compress or "bottom" before a
significant portion of the energy of the fall is absorbed.
In this bottomed state, the pad is unable to absorb further
energy'an& the remaining energy must be absorbed by the soft
tissues and the bone. To avoid bottoming of the pad under
the high impact energies associated with falling, designers
have selected relatively stiff elastic or viscoelastic pad
materials. For example, U.S. patent 4,807,301 specifies the
use of a viscoelastic foam called Sportcell selected to "not
to bottom under the falling stress of normal body weight
from a height of two feet", U.S. patent 4,737,994 describes
a device for covering the hip region with an .inflated air
cushion which, if constructed to not bottom during impact,
would become highly pressurized and stiff. Finally, U.S.
patent 4,573,216 describes a fairly stiff silicon rubber pad
designed to be worn over the greater trochanter. Such pad
materials will absordb significant energy during deformation
(or in the case of the inflatable pad, compression of the
gas), allowing for a slender design. However, such
deformation generates signhificant stresses or pressures in
the pad material, resulting in high forces being transritted
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to the underlying femur, and in particular the greater
trochanter, which contains a minimal degree of -overlying
soft tissue.

A second approach taken by inventors of-hip fracture
prevention devices, is to incorporate a rigid dome-shaped
shield into the padding system (Strock, U.S. patent '
4,641,641 and 4,926,883; Kummer, U.S. patent 5,062,433). In
Strock's U.S. patent 4,641,641 and 4,926,883, this shield is
designed to be centered over the greater trochanter, and
upon impact, transfer force away from this region. However,
several design features prevent this device from
significantly lowering the impact force applied to the femur
during a fall. First, only a small amount of force is
required to initiate contact between the skin-side surface
of the shield and the. skin overlying the prcximal diaphysis
of the femur. Further compression of the pad will result in
significant load transfer to the proximal diaphysis, which
represents the least compliant portion of the contact
region. Second, the small contact area formed between the
edges of the rigid shield and the underlying skin favors the
generation of high contact stresses, particularly over the
relatively stiff proximal femoral diaphysis region which is
just distal to the greater trochanter. No evidence exists
supporting the notion that higher force is required to
fracture the femur when this force is applied te¢ the
proximal diaphysis as opposed to the greater trochanter.
Indeed, the increased moment arm of this force with respect
to the femoral neck may result in femoral fracture at a
lower magnitude of applied force.

' Other problems with the Strock system, or any system
incorporating a riéid shield, include its inability to
conform to changes in body shape under normal activities,
thus restricting body motion and causing discomfort to the
wearer. Furthermore, no method is provided for affixing the
Strock pad to the body other than through the use of an
adhesive to the skin, making these pads inappropriate for
persons who weuld suffer skin problems due to long-~term lack



.o
.
*oae
[ ] .o

[ ]
oo
L
[ Z 2N ]

L4
[ L XX

14
toecse
- *

10

15

20

25

30

of ventilation to the skin.

Summary of the Invention

The present invention covercomes %any of the
disadvantages of the prior art designs by providing, in
a preferred embodiment of the present invent.ion there is
provided a garment, for reducing the risk of bone
fracture of a human or animal subject due to impact
forces on a greater trochanter disposed in a hip of the
human or animal subject, said greater trochanter being
at the end of a femur and wherein the hip has a soft

tisgue region.

In another preferred embodiment, the invention
provides a hip pad, possessing a thickness small enough
to be compatible with wearer acceptability, that
conforms to the shape of the body during everyday
activities such as walking, sitting, and sleeping, and
is thus comfortable to the wearer. Related methods are

also provided.

Brief Description of the Drawings
The features and advantages of the present
invention will be better understood by reference to the
following detailed description, taken with the
accompanying drawings in which:
Fig. 1 is a perspective view of a protective

garment in
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accordance with the present invention shown as worn on the

hip of a human subject. ,
Fig. 2 is a perspective view of an alternate protective

garment in accordance with the present invention as worn on

the hip of a human subject.
Fig. 3 is a sectional view of a preferred embodiment of

cthe present invention in which the flexible membrane of the
garment is subdivided into several envelopes, each
containing a shear-thickening material:

Fig. 4 is a sectional view of an alternate preferred
embodiment of the present invention in which a compliant and
flexible sleeve surrounds the individual envelopes
containing a shear-thickening material;

Fig. 5 is a perspective view of a protective garment in
accordance with the present invention in the form of shorts
for women's or men's wear.

Fig. 6 is a perspective view of a .prctective garment in
accordance with the present invention which utilizes waist
and thigh belts for affixing the device over the hip
regions.

Fig. 7 is a graph showing how the viscosity of the
shear-thickening material contained within the present
invention changes as a function of shear rate.

Fig. 8 is a top view of a protective garment in
accordance with the present invention for preventing injury
to the ulna bone.

Fig. 9 is a perspective view of a roll of envelopes
containing shear-thiékening material in accordance with an -
embodiment of the present invention for use in the
.customized design of protective garments.

Fig. 10 is a perspective view of an alternate
enbodiment in accordance with the present invention in which
is provided a flat array of envelopes containing shear=-
thickening material for use in the customized design of
protective garments.

Fig. 11 is a perspective view of a protective garment
that has been customized in accordance with an embodiment of
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ths present invention for use in preventing 1njury to the

iliac spine. .
Fig. 12 is a side view cf the impact pendulum and

surrogate human pelvis used in testing the force attenuating
capabilities of both the present invention and prior art hip
protective devices.

Fig. 13 is & line graph comparing total applied force
and femoral force as functions of time when 120 Joules of
impact energy is applied to a surrogate pelvis alone, and
after affixing to the pelvis a device in accordance with an
embodiment of the present invention, and alsc after

employing a device in accérdance with U.S. Pat. No.
: e

- 4,573,216,
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Fig. 14 is a bar giaph comparing peak total applied
force and peak femoral force when 120 J of impact enerqy is
appliea to the surrogate pelvis alone, and after affixing to
the surrogate pelvis a commercialiy available protective hip
garment (Impant pad, developed by Dr. L. Proshek, Edina,
MN), threa different, previously patented hip protective
devices {(U.S. Pat. Nos. 4,926,883, 4,573,216, and
4,807,301), and two devices in accordance with embodiments
of the present invention.

Detailed Description of 8pecific Embodiments

The protective device in accordance with a preferred
embodiment of the present invention cemprises a
horsé&éshoe-shaped garment placed over the hip region so as to
contact the skin adjacent, but not overlying, the greater
‘trochanter and proximal diaphysis of the femur. In one
embodiment, the garment has one or more envelopes made of a
flexible material and containing within a substance which

" exhibits a marked increase ih viscosity with increasing rate

of shear deformation. This behavior, which causes the
device to exhibit significantly greater flexibility and
compliance at low rates of deformation, such as those
occurring during everyday activities such as sitting and
walking, than during the€ high rates of deformation
surrounding impact, is known as "shear-thickening" or
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"diiatanpy'. The relative tlexibility under everyday
activity provides a degree of comfort to the wearer far
exceeding previous designs which utilize a rigid dome-shaped
shield or a relatively inflexible polymeriq.sheet. The
ability of the pad to stiffen upon impact, combined with the
horseshoe shape, allows for transmission of the energy of
the body on impact into the soft tissues surrounding, but
not overlying, the greater trochanter and proximal femoral
diaphysis. Due to their bulk, these tissues are capable of
absorbing and dissipating the impact energy without the
production of large stresses. Since no part of the pad
overlies the femur, force transmission to the femur is
minimized, occurring at appreciable extent only after
éompression of the surrounding soft tissues causes the
external surface of the pad to be in line with the external
surface of the greater trochanter. However, the pad is
constructed with a thickness sufficient to ensure this
occurs, if at all, only in the most severe falls.

Several possible mechanisms exist for-affixing the
garment over the hip regions. 1In one embodiment the

protective device is fitted bilaterally into short pants,

either in the form of cloth underwear or well fitted
flexible shorts similar in appearance and function to those
worn by bicyclists. In another embodiment, the protective
device employs cloth straps which wrap around both the waist
and thigh regions on the wearer, and possess a hook-and-pile
fastener material such as that sold under the VELCRO
trademark, to permit'aajusting the position of the device to
gchieve optimal placement on the wearer. In another

.émbadiment, the protective device is affixed to the hip

" regions of the wearer through the use ®f adhesive strips on

35

the inner surface of the device permitting it to secured to
the skin in the optimal position over the hip region.

It is believed that the invention provides an
arrangement that is more effective at reducing the force
applied to the femur during impact on the hip from a fall
and more comfortable to wear than prior art pads.
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~ PFig. 1 shawé a perspective view of a protective garment
embodied in accordance with the present invention and worn
on the hip of a human subject. The garment 2 has a number
of flexible and compliant envelopes 4 each rontaining a
shear-thickening or dilatant material. The compliant
envelopes 4 are separated by bonds, and are a¥ranged to form
an inverted “U" or horseshoe shape approximately centered
about the midpoint 8 of the greater trochanter of the fenmur.
The anterior portion of the device 3 is connected to the
posterior portion of the device 7 a flexible but relatively
non-compliant strip 6, which may be made of cloth. This
cloth 6 is secured to the compliant envelopes on the
superior internal border of the horseshoe 13, the anterior
internal border of the horseshoe 16, and the posterior
internal border of the horseshoe 15 by means of a bond 9.

In the embodiment of, the invention illustrated in Fig.

1, the horizontal distance between the posterior internal
border of the horseshoe 15 and the anterior internal border
of the horseshoe 16 is relatively constant over the leagth
of the pad at a value of approximately 46 mm. However,
alternative embodiments may exist involving devices where
this width is cornistant at a value between 30 and 70 mm, or
devices involvirig variations in this width along the length
of the pad between 30 and 70 mm. The device is so
positioned that, along a horizontal line 8 passing through
the greater trochanter, the posterior internal border of the
horseshoe 15 and the anterior ﬁnternai border of the
horseshoe 16 are roughly an equal horizontal distance from
the midpoint 8 of the greater trochanter. Similarly, along
ényrhorizontal line below the greater trochanter midpoint 8

of the proximal femoral diaphysis, the anterior internal
border of the horseshoe 16 and the posterior internal border
of the horseshoe 15 are roughly an equal horizontal distance
from the axis X=X of the proximal femoral diaphysis.

. Again referring te:Figs 1, the superior internal border
of the horseshoe 13 is located roughly 20 mm above the
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nidpoint of the greater trochanter of the femur 8. However,
alternative embodiments of the device may exist where the
location of the superior internal border of the horseshoe 13
is constant at a value between 10-40 mm abdve the midpoint
of the greater trochanter 8. Further alternative
embodiments may exist where the location of the superior
internal border of the horseshcoce 13 varies between 10-40 mm
above the midpoint of the greater trochanter.

In the embodiment of the invention shown in Fig. 1, the
external border of the device 14 extends inferiorly to
approximately 10 cm below the midpoint of the greater
trochanter, posteriorly (at its greatest extent) to
approximately 10 cm horizontal to the greater trochanter
midpoint 8, superiorly to approximately 2 cm below the
location 12 of the superlor iliac spine, and anteriorly to
approximately 7 cm horizental to the greafer tréchanter
midpoint.

Alternative embodiments of the device may exist where
the external border of the device 14 extends a farther or
lesser amount than that shown in Fig. 1. For example, Fig.
2 shows an alternative embodiment of a device in accordance
with the present invention. 1In this embodiment, the
dimensions and location of the internal open portion of the
horseshoe are similar to that described for Fig. 1.

However, the number of envelopes containing the
shear-thickening material 4 has been reduced to nine, each
roughly forming the shape of a square with surface area of
approximately 4 cm®. The 'surface area of the device may
also extend weii beyond that shown and described for Fig. 1,
being limited inferiorly only by the knee, posteriorly by

the midpoint of the anterior aspect of the thigh, and
superiorly by a point about 10 mm below the superior iliac
spine. )

In the embodiment of the device shown in Fig. 1 and
Fig. 2, the thickness of protective device 2 is constant at
approximately 30 mm. However, alternative embodiments of
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protective device 2 may involve a constant thickness
throughout the device between 10-50 mm, or variation in
thickness throughéut the device between 10350 mm,

Fig. 3 is a sectional view of one preferred embodiment
of the present invention in which a flexible and compliant
menbrane enclosure 18 is subdivided into several and
distinct envelopes 4, each containing a shear thickening or
dilatant material 22. In this embodiment, membrane 18 is
made of an elastomeric polymer such as polyurethane, FVC,
latex rubber, or pure gum rubber, having a constant
thickness between 0.1-1 mm. A bond 5 exists between
contacting surfaces of envelopes 4 adjacent to one another.
This bond 5 may be created through various means, including
application of an adhesive or a process whereby a chemical
reaction or the application of heat or electrical current
results in bonding of the: membrane material. Each membrane 4
is filled with shear-thickening material 22 at a pressure
which causes a small degree of stretch within the membrane
material. ,

Still referring to Fig. 3, shear-thickening material 22
includes a suspension of relatively uniform-sized solid
particles 19 (size greatly exaggerated in Fig.3) in a
viscous fluid 21. The properties of solid particles 19 and
viscous fluid 21 may vary considerably between different
embodiments of the invention. For example, the diameter of
particies 19 may vary between 0.1-100 micrometers. The
viscosity of the fluid 21 may vary between 1-1,000,000 cP.
The ratio of the volume of solid particles 19 to total
volume of the material 22 ranges between 20-70 percent.

In one embodiment of the invention, fluid 21 is water

where the starch may be corn starch, potato starch, or any
plant starch. In another embodiment, particles 19 are plant
starch granules, and fluid 21 is a fluid other than pure
water. In yet another egbodiment, particles 19 are spheres
made of a polymer such as polyufethane, polystyrene, or
polyvinylchloride and of size 0.1-500 micrometers, and the
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fluid 21 is water. 1In yet another embodiment, particles 19
are spheres made of a polymer such as polyurethane,
polystyrene, or polyvinylchloride and of size 0.1-500
micrometers, and the fluid 21 is an oil sugh as silicon or
mineral oil having a viscosity between 10 and 1000000 cP.

It is therefore apparent that shear-thickening material
22 may be formed from a wide variety of particles and
fluids. However, its essential feature is an increase in
viscosity as a function of shear rate. In particular, the
viscosity of material 22 increases dramatically at a
relatively well-defined value known as the critical shear
rate. This behavior is shown schematically in Fig. 7, where
the logarithm of the shear rate y is shown on the horizontal
axis and the logarithm of viscosity  is shown on the
vertical axis. The sudden increase in viscosity at the
critical shear rate causes a corresponding increase in the
shear stress produced in the material (shear stress is equal
to the shear rate multiplied by the viscosity), a measure of
its resistance to deformation. 1In a preferred embodiment of
the present invention, the critical shear rate of
shear-thickening material 22 is set between 1-100 5!, and
typically between 5-30 s,

In an alternative embodiment of the present invention,
the protective device 2 of Figs. 1 and 2 may be formed into
the shape of a horseéshoe, and instead of incorporating
shear~thickening material, the device is made of a single
continuous or several and distinct adjacent members of a
elastic or viscoelastic material, such as that sold under

the tradename~Enéolite.
" In yet another alternative embodiment, one or more thin

_figid members, possibly formed of a polymeric material such

as polyurethane, are affixed to the external surface of
protective pad 2, and form a shell which aids in

transmitting loads throughout the device.
Fig. 4 is a sectional view of an alternate preferred

embodiment of the present invention in which flexible and
compliant membrane enclosure 18 is subdivided into several
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and distinct envelopes 4, each containing shear thickening
or dilatant material 22. In this embodiment, envelopes 4
are not bonded together, but enclosed between a compliant
and flexible internal sleeve 25 and a compliant and flexible
external sleeve 26. In a preferred embodiment, internal
sleeve 25 and external sleeve 26 are both constructed of an
elastomeric material friendly to the skin such as sold under
the SPANDEX trademark. This material preferably should not
limit flexibility of the entire pad; accordingly it is
sometimes desirable that the product of thickness and
elastic modulus for this material be equal to or less than
that described above for membrane enclosure 18. In the gap
between adjacent envelopes 4, a bond 23 exists between
internal sleeve 25 and external sleeve 26, where bond 23 is
formed by an adhesive, stitching, or chemical reaction, or
the application of heat or electrical current. :

Various methods exist for affixing the hip protective
device to the wearer. In one preferred embodiment shown in
Fig. 54, the pad 2 is integrated into a pair of shorts 28
for women's or men's wear. Fig. 5B, shows a cross section
of the embodiment of Fig. 5A taken through the plane B-B in
Fig. 5A. Shorts 28 are formed of an inner compliant and
flexible material‘iluand a similar outer compliant and
flexible material 30. This material may be SPANDEX or a
similar material. The shorts are sized to fit snugly around
the wearer, with both inner material 31 and outer material
30 in a state of stretch during normal wear. Hip protective
device 2 is secured into shorts 28 by a bond 29 around the
parimeter of the pad 2. As in other embodiments, the pad has
eﬁvelopes 4 containing within membrane 18 shear-thickening
‘matexrial 22.

Several different embodiments exist with respect to the
arrangement of short pants 28 and the integration of
protective device 2 within the pants. In one potential
embodiment, bond 29 is permanent and formed of stitching or
an adhesive material, while in another embodiment all or a
portion of bond 29 is easily broken and reformed, as would
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be provided if the bond was formed of a hook-and-pile
material such as that sold under the name VELCRO. This
latter embodiment allows easy insertion and removal of
protective device 2 into short pants z8 tofgacilitéte easy
cleaning of short pants 28 or replacement of protective
device 28, if required.

Furthermore, in one embodiment short pants 28 are
continuous, while in another embodiment short pants 28 are
crotchless, thus facilitating use by individuals suffering
from incontinence.

Fig. 6 is a perspective view of an alternate method of
affixing over.the hip region a protective garment in
accordance with the present invention; In this arrangement,
a confirmed waist belt 44 having right and left portions,
mounts a pair of protective pads 41 and 43 on the right and
left hips respectively. The right and left portions of the
belt are joined by anteriorly located, mating hook-and-pile
strips 45 and posteriorly iocated, mating hook-and-pile
strips 46. Similarly, conformed thigh belts 38 are used to
affix the bottom portions of the protectors 41 and 43, and
are adjusted by means of mating hook-and-pile strips 42.
Similar hook-and-pile mating strips may be used to attach
the ends of the waist and thigh belts to the external
surface .of the protective pads 41 and 43. 1In this
connection, vertical strips 47 and 49 of pile are provided
on the protective pads 41 and 43 and corresponding strips of
hooks are provided on the belts éo properly and securely
locate protective pads 41 and 43 over the hip region.

Another method for affixing the device to the hip
involves securing an adhesive layer over the internal

'surface of the pad which opposes the skin. This adhesive

layer bonds to both the pad and the skin, and allows precise
placement of the protective device over the hip. This
method for affixing the device may be particularly sujited to
those persons at greatest risk for suffering falls and thus
in need of constant protection. Depending on the properties
of the adhesive, the device may be mounted for a number of
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days or weeks, while being removed periodically.to'allow
washing of the underlying skin. . ’

The present invention can also be applied towards
prevention of fractures of bones other than the femur, such
as the radius, ulna, and tibia. For exampie, Fig. 8 displays
a protective device 58 embodied in accordance with the
present invention and designed to protect against fracture
or injury of the ulna in sporting activities such as
football, where protective devices of this type are
currently worn, or during any other activities where such
protection is desired. Typically the device may be
positioned between the ulna's head 62 and the tip 60 of the
ulna's olecranon process. The device includes a laterally
and medically located strips 64 and 68 respedtively of
flexible envelopes containing shear~thickening material. A
rigid shell 68 formed of a polymeric material is adhered by
an adhesive so as overlie the external surface of strips 64
and 66 so that a gap is formed between shell 68 and the skin
overlying the ulna. As a result of this construction, upon
impact to the shell 68, the energy of impact is spread away
from the ulna and into the soft tissues underlying strips 64
and 66, thus protecting the ulna from injury. A sleeve 70
formed of a flexible, elastic material is adhered to shell
68 by means of a glue or adhesive, and aids in maintaining
proper positioning of protecﬁive device 58 over the ulna.

In anothe¥ embodiment of the present invention,
designed to serve as shin guards for sports such as soccer,
an arrangement similar to that shown in Fig. 8 for
protecting the ulna, here provided for the tibia, and is
thus worn over the anterior shin. In this arrangement, two

strips of envelopes containihg shear~thickening material are

placed in parallel with the tibia on both medial and lateral
sides. As in the case for the ulna, a rigid shell is
adhered over these strips so that a gap exists between the
shell and the underlying tibia. ‘ ‘

In a further embodiment of the present invention,
envelopes 4 containing shear~thickening material 22 are made
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available for the customized design of protective devices,
either for the general prevehtion of injuries during
sporting or other activities or for prevenﬁing further
injury or pain from impact to a previously injured and

5 therefore sensitive location. Figs. 9 and 10 show two
possible arrangements in which this product might be
supplied. Pig. 9 shows a roll 72 of envelopes 4, each
containing shear thickening material. Dual-sided adhesive
tape 78 is adhered to both the front and back sides of the

10 envelopes. A layer of waxpaper or similar matter is used to

cover at least the outword facing side of adhesive tape 78.
Scissors can be used to cut along a junction 76 between

:.:::. adjacent envelopes, and thus produce a strip of envelopes 4
AL of desired length. After then removing the waxpaper layers
:t:; 15 covering the adhesive tape 78, envelopes 4 can be mounted
f::; directly to the skin and a rigid shell can be mounted over
o envelopes 4. If required, further adhesive tape, elastic

¥ straps,or some other means may be utilized to supplement
adhesive tape 78 in securing envelopes 4 to the desired

seee, 20 location on the body. .

- Fig. 10 displays an alternative method by which

ST envelopes 4 may be supplied, including a flat sheet 80 of
..“: envelopes 4 arranged in close proximity to one another.
i . Again, scissors may be used to cut aleong junctions 76 to
LT 25 produce a protective device of the desired shape.

s Fig. 11 shows one of the several possible customized

protective devices capable of being formed from the
enmbodiments of Figs. 9 and 10. In this case, a device has
been constructed to protect against further injury or pain
30 fiom impact to the iliac crest 88, which is often injured in
'éporting activities such as football, basketball, or hockey
(the injury is often referred to as a "hip pointer"). The
device here includes a superior strip 82 of envelopes
containing shear-thickening material, and an inferior strip
35 84 of envelopes containing shear-thickening material. a
rigid shell 86 is adhereéd over the external surface of
sérips 82 and 84, and overlies iliac crest 88, Since
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shear-thickening material is fluid under low rates of
1oading,‘a continuous contact area is formed between the
underlying skin and strips 82 and 84. Upgﬁ impact to the
rigid shell, shear-thickening material stfffens, and shunts

5 the impact energy into the soft tissues underlying strips 82
and 84, thereby protecting the vulnerable iliac crest region
88. ’ o

The effectiveness of a hip fracture prevention garment
depends on the ability of the garment to lower the peak
10 force applied to the femur in a fall to a value

'significantly below the mean force required to fracture the
elderly femur (2040 N). 'In order to realistically assess

?:3. the attenuation in femoral impact force provided by the

?::. device, it must be tested under conditions which simulate
?:30 15 the interaction between the device and the underlying

”:": skeletal and soft tissues. A common fault in estimating the
KA force attenuation provided by hip protective devices is to
& disregard the role of the soft tissues between the femur and
o the protective device. For example, Ferber, in U.S. patent
oot 2 20 4,807,301, describes testing the force attenuating capacity
. of the energy-absorking material to be placed over the

3:'3 greater trochanter in his preferred embodiment by dropping a
N steel weight onto the material from a 24-inch height. He
. then appears to assume the same degree of force attenuation
fulel 25 is provided when the pad is worn over the hip in a fall.
o However, this will result in overestimation of the actual

force attenuation providgd by the protective device during a
fall on the hip, since a steel weight is many times more
rigid than the human hip. To obtain a reasonable estimate
30 of this attenuation, one requires knowledge and
incorporation of the compliance of the unpadded hip.
Wortberg, in his U.S. patent 4,573,216, appears to account
for the compliance of the femur, cartilage of the hip joint,
and the overlying skin in estimating the force attenuation
35 provided by the protective device. However, he does not
-account for the compliadbes of the fat and muscle overlying
the trochanteric region,ior the compliance of the pelvis.
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To~9va1uate and compare the protective ablility of the
present invention with .that provided by prior art protective
devices, we have measured the impact force attenuation
provided by several different hip protective devices. These

5 included the following prior art hip protective devicec:

(1) a commercially available device formed of an
energy=-absorbent foam and rigid external shell, designed to
cover the greater trochanter and surrounding area, and
having a maximum thickness of approximately 32 mm ("Impant®

10 pad, Dr. L. Proshek, Edina, MN); (2) a protective appliance
constructed by Strock in accordance with his U.S. patent

.t 4,926,883 and of maximum thickness 35 mm; (3) a protective
.3:, _ appliance constructed by Ferber in accordance with his U.S.
.::. patent 4,926,883 and of maximum thickness 11 mm; (4) a

e, 15 protective appliance constructed by Wortberg in accordance
. with his U.S. patent 4,726,883 and of maximum thickness 38
v mm. In addition, the following embodiments of the present

invention were tested: (1) a horseshoe4shaped device
constructed of a viscoelastic foam sold under the trademark

ot 20 Ensolite, and having a maximum thickness of 25 mm; (2) a

. horseshoe~-shaped device constructed of a shear~thickening
.:": corn starch-water mixture, and having a maximum thickness of
"'”_ 35 mm; and (3) a horseshoe~shaped device constructed of a

shear-thickening corn starch-water mixture, and having a

25 maximum thickness of 49 mm. These tests have provided data
regarding the ability of these pads to attenuate femoral
impact force, and thus reduce the probability of hip
fracture occurrence during a fall on the hip. The results
of these tests indicate that, while each strategy

30 accomplishes attenuation of femoral impact foyrce, only a
device in accordance with the present invention reduces this
force to a value below that required te fracture the elderly
femur. . ;

The testing system is shown in Fig. 12, and includes an

35 impact pendulum (including a mass 121, arm 122, pivot 123,
and head 128) and-surrogate pelvis 124 designed to match the
tﬁpical female pelvis in surface anatomy, local soft tissue
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stiffness, and pelvic compliance. The surrogate pelvis 124
includes a surrogate femur 125 surrounded by foam 126 to
simulate behaviour of soft tissue. - A load cell 127
producing a signal to measure force on the ¥emur 125, and a
pelvic spring 128 simulates the effect of pelvic compliance.
The surrogate pelvis allowed us to evaluate pad performance
based on the combined response of the hip pad and the '
underlying skeletal and soft tissue structures. The
polyurethane foams forming the soft tissues of the surrogate
were selected to match the regional variation in soft tissue
stiffness exhibited by females during indentation tests over

- the trochanteric, gluteal; and anterior thigh regions. Mean

values of stiffness at 60 N (which raﬁged from 35+13.9 kN/m
over the greater trochanter to 8,5+2.9 kN/m over the
posteriolateral buttock) were matched on average to within
35% during tests at corresponding locations on the
surrogate. Pelvic compliance was simulated by neoprene
springs 128, providing the entire unit with an effective
stiffness of 83 kN/m, within 18% of that measured in females
undergoing simulated falls on the hip (Robinovitch, s.N.,
Hayes, W.C., McMakhon, T.A., J Biomech Eng, 113: 366-374,
1991). In all experiments, the pendulum head was directed
to impact the lateral éspeqt of the greater trochanter.
Total externally applied force was measured by a load cell
129 on the pendulum, while the force delivered through the
soft tissues to the hip was measured with the load cell 127
mounted on the femur. Pendulum impact velocity was 2.6 n/s,
similar to the average hip impact velocity measured in human
volunteers falling on their hip. Pendulum mass was 35 ka,
ma%ching the average effective mass of the body during '
impact to the hip [Robinovitch, S.N., Hayes, W.C., McMahon,
T.A., J Biomech Eng, 113: 366-374, 1991}. The kinetic
energy of the pendulum at the moment of impact was therefore
120 Joules. -

Fig. 13 is a line graph of experimental results. Force
is plotted on the vertical® axis of the graph, and time is
plotted on the horizontal axis of the graph. Both total
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externally applied force and total femoral force are shown,
the former in dotted lines and the latter in solid lines.
For clarity, the results from only. three ihpact tests are
shown. These include: (1) impact to the unpadded surrogate
pelvis (shown by curves 131); (2) impact to the surrogate
pelvis after affixing to the skin of the pelvis the
horseshoe shaped device in accordance with the present
invention, incorporating a shear-thickening corn
starch~water material, and possessing a maximum thickness of
35 mm (shown by curves 132); and (3) impact to the surrogate
pelvis after affixing to the skin of the pelvis the device
in accordance with Wortberg's U.S. pattent 4,573,216 and
possessing a maximum thickness of 38 mm. Note in the
unpadded case, peak total external applied force was 5960 N
and peak femoral force was 5770 N. In each set of curves,
the total load is shown by a dashed line, and the femural
load is shown by a solid line. The Wortberg pad (which
provides a degree of force attenuation typical of all prior
art pads tested), reduces peak externally applied force by
20% to 4770 N and peak femoral force by 22% to 4509 N. 1In
comparison, the horseshoe pad of 35 mm maximum thickness
reduces peak externally applied force by 39% to 3590 N,
while reducing peak femoral force by 68% to 1840 N. Not
shown are the results for impacts to the horseshoe pad of 49
mm maximum thickness, which reduces peak externally applied
force by 36% to 3800 N, and peak femoral force by 88% to 700
N. '

Fig. 14 is a bar graph which displays the peak force
applied to the femur during impact to each of the systems
tested. Note the horseshoe shape@ device constructed of

.Ensolite foam and possessing a maximum thickness of 25 mm

lowered peak externally applied force by 33% and peak
femoral force by 55%. In comparison, the Impant device
reduced peak externally applied force by 18% and peak
femoral force by 21, a device in accordance with U.S. patent
4,926,883 reduced peak externally applied force by 14% and
peak femoral force by 16%, and a device in accordance U.S.
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patent 4,807,301 reduced peak externally applied force by
17% and peak femoral force by 27%.

The results of these tests show that, when compared to the
next most effective prior art hip protecti?e device, the
device in accordance with the present invention provides
nearly a twofold greater reduction in peak externally
applied force, and a threefold greater attenuation in peak
femoral impac force. The results also suggest that when
worn during a typical fall on the hip, the horseshoe device
in acceordance with the present invention has the ability to
lower femoral impact force to a value below the mean force
required to fracture the elderly femur (2040 N).
Conversely, with ali prior art devices tested, peak femoral
force rémained .above twice the mean force required to
fracture the elderly femur. It therefore appears that the ‘
present invention lowers the probability of suffering a hip
fracture duxing a fall on the hip to a much greater extent
than all tested prior art pads.

o
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A garment, for reducing the risk of bone
fracture of a human or animal subject due to impact
forces on a greater trochanter disposed in a hip of the
human or animal subject, said greater trochanter being
at the end of a femur and wherein the hip has a soft
tissue region proximate to the greater trochanter and
the femur lacking a bcne part near the skin surface, the
garment comprising:

an energy shunting pad in the shape of a
horseshoe including two arms and defining an exposed
interior area between the two arms, the interior area
coinciding generally with the greater trochanter and the
femur when the garment is mounted on the subject; and

mounting means for removably mounting the energy
shunting pad on the subject with the two arms proximate
to opposing sides of the femur so that a substantial
portion of impact energy directed at the hip of the
subject is shunted from the greater trochanter to the
soft tissue region where such energy may be safely

dissipated.

2. A garment according to claim 1 wherein the
energy shunting pad comprises a shear-thickening

matexial.

3. A garment according to claim 2 wherein the
shear-thickening material has a critical shear rate

between 5 and 30s7!.

4. A garment according to claim 3 further
comprising an envelope .-0of an elastomeric material in

which is disposed the shear-thickening material.

H:\Leanne\Reep\56711.94.DIV.doc 25/93/%9)
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5. A garment according to claim 4 further
comprising a plurality of adjacent sub-envelopes, each
sub~envelope containing a portion of the shear-

~

thickening material.

6, A garment according to anyone of claims 1 to 5
wherein the mounting means includes a pair of chort

pants in which is disposed the energy shunting pad.

7. A garment according to any one of claims 1 to 5
wherein the mounting means includes a plurality of belts

coupled to the energy shunting pad.

8. A method of reducing risk of bone injury due to
impact forces on a greater trochanter disposed in a hip
of a human 6r animal subject, the method comprising:

providing an energy shunting pad in the shape of
a horseshoe including two arms and defining an exposed
interior area between the two arms; and

mounting the energy shunting pad on the subject
so that the interior area coincides generally with the
greater trochanter and femur so that a substantial
portion of impact energy directed at the hip is shunted
from the greater trochanter to the soft tissue region

where such energy may be safely dissipated.

9. The method of claim 8 wherein the step of

mounting comprises adhering.

10. The method of claim 8 wherein the step of
mounting comprises putting on a pair of short pants

carrying the energy shunting pad.

H:\Leanne\Keep\56711.94 DIV . .doc 25/03797
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11. A method of reducing risk of bone injury due to
impact forces on a hip of a human or animal subject, the

method comprising:
providing energy shunting padding including two
arms defining an exposed interior area between the two

arms; and

mounting the energy shunting padding on the
subject so that no padding overlies the femur, the
interior area ccincides with the femur and the two arms
lie proximate to the femur so that a substantial portion
of impact energy directed at the femur is shunted to
soft tissue regions of the hip proximate to the femur

where such energy may be safely dissipated.

12. The method of claim 11 wherein the step of

mounting comprises adhering.

13. The method of claim 11 wherein the step of
mounting comprises putting on a pair of short pants

carrying the energy shunting padding.
DATED THIS 25™ DAY OF MARCH 1997

BETH ISRAEL DEACONESS MEDICAL CENTER and
PRESIDENT AND FELLOWS OF HARVARD COLLEGE
By Their Patent Attorneys:

GRIFFITH HACK

Fellows Institute of Patent Attorneys
of Australia

H:\Leanne\Keep\56711.34 .01V .doc 25/03/97
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ABSTRACT

A garment (2), in one embodiment of the
invention, reduces the risk of bone fracture of a human
or animal subject due to impact forces ofi a vulnerable
region having a bone part near the skin surface when the
vulnerable region is proximate to a soft tissue region
lacking a bone part near the skin surface. The garment
{(2) has an arrangement for shunting a substantial
portion to the impact energy from the vulnerable region
to the soft tissue region where such energy may be
safely absorbed and/or dissipated. 1In a further
embodiment, there is utilized a dilatent material that
is relatively stiff near the time of impact and

relatively fluid at other times. Related methods are

also provided.

porument2 25/03797
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