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FIG.2A

(57) Abstract: Provided are improved hip prosthetic devices that reduce the risk of hip dislocation upon performing artificial hip
© replacement. The improved hip prosthetic devices comprise a flexible bumper configured to extend from the acetabular component

and prevent contact between the femoral neck and the acetabular component. The bumper may be an acetabular capsule inserted in
collaboration with a standard hip prosthetic device, and attached to a standard acetabular liner. The capsule has a bumper region
that cushions contact between the femoral neck and the acetabular component, thereby preventing impingement and dislocation, both
common in patients in which known hip prosthetic devices are used. Alternatively, an improved acetabular liner comprises an integralo bumper which prevents impingement of the femoral neck and acetabular components, thereby reducing dislocation risk and securing
the femoral head within the acetabular liner.
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FLEXI BLE CONST RAINED LINE R FO R H IP PROSTHESIS

CROSS REFE RENCE

[0001] This application claims priority under 35 U.S.C. 119(e ) from United States Provisional

Application Serial No. 62/34 6,858 filed o n June 7, 2016 which is hereby incorporated by

reference in its entirety.

TECH NICAL FIELD O F THE INVENTION

[0002] Embodiments o f the invention relate to flexible constrained liners and adjunct devices

to be used with liners for hip prosthesis.

BACKG ROUND O FTHE INVENTION

[0003] Hip replacement surgery (also known as hip arthroplasty ) is a procedure in wh ic h

da maged parts of a huma n hip joint are removed from a patient and subsequently replaced with

an artificial hip replacement. An artificial hip replacement typically comprises metal and

polymeric components, also known as a hip prosthesis. A healthy hip joint is a "ball and socket"

type of joint in which a pa rt of the femur (thighbone ) known as the femora l head acts as a ball

which rotates Within the acetabulum, which is a socket-like structure of a hip. A hip prosthesis

typically com prises an acetabular prosthesis cemented o r otherwise fused to the hip bone,

acting as a socket. The acetabular prosthesis typically comprises a metal acetabular component

which is cemented or otherwise joined to the pe lvic bone, and a polymeric liner which is

permanently affixed t o the metal acetabular component, An additional component o f the

prosthesis is the femoral prosthesis, which typically com prises a ball-shaped femora l head, a

femoral stem, which is typically fused into the femur, and a femoral neck, which connects the

ball-shaped femoral head to the femoral stem, The femoral head is introduced into the

acetabular liner and rotates within the cavity defined by the acetabular liner,
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[0008] Prosthetic devices according t o the embodiments of the invention further com prise a

roof having an aperture sized to be large enough for a femora l neck t o freely move along a

medial region of its range of motion within the aperture without contacting the roof. At lateral

extremes of the range of motion of the femora l neck, the f e moral neck contacts the roof. The

aperture may be sized t o be sma ller than the diameter of the femoral head and thereby act as a

restraint t o hold the femoral head in the vicinity of the aperture defined by the acetabular liner,

the reby preventing dislocation.

[0009] Provided are h ip prosthetic stabilization capsules for Use in conjunction with a femo ral

head, neck and stem prosthesis and with an acetabular prosthetic component, the capsule

comprising:

a roof having an aperture, the aperture at its narrowest axis having a diameter smaller than the

diameter o f the femoral head and greater than that of the femoral neck; and

a cylindrical, compressible bum per region, attached at its one end to the acetabular component

and at its other end to the roof.

BRIEF DES RIPTION O FTHE DRAWINGS

[0010] Non-limiting examples of em bodiments of the invention are described below, with

reference to a figure attached hereto. Dimensions o f compone nts and features shown in the

figures are chosen for convenience and cla rity of presentation and are not necessarily shown to

scale.

[0011] Figs. A and I Bdepict prior art hip prosthesis and associated increased risk of

dislocation as a result of impingement;

[0012] Figs. 2A and 2B depict a n acetabular liner according t o an embodiment of the invention

in a side and top view, respectively;

[0013] Figs. 2C, 2D and 2Edepict views of a h ip prosthesis joint according t o an embodiment of

the invention;

[0014] Figs. 3A and 3B depict a capsule according t o an em bodiment of the invention in a

perspective view and a side view, respectively;
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lead to polymer damage through increased wear and / or cracking of the liner with subsequent

implant failure. Liner cracks are associated with some degree of impingement damage and

oxidation . Impingement is prevalent even in hip re placements with no history o f dislocation.

[0023] Impingement between the prosthetic components and soft tissue o n bone can lead to

instability of the hip prosthetic device. In addition to prosthetic instability, pain is a com mon

consequence of impingement.

[0024] The mechanical explanation of dislocation is defined as follows: Following the

im pingement of femoral neck 12 and liner 18, subluxation will start to occur causing prosthetic

femoral head 14 to lift out of its socket, eventually leading to the center of the prosthetic

femoral head 14 to lift above the perimeter of the prosthetic acetabula r socket causing frank

dislocation. The impingement point may act as a fulcrum around which femoral head 14 is

levered out of the socket.

[0025] Previous attempts have been made to overcome hip prosthetic weaknesses associated

with im pingement. For example, modifying a liner to be "deeper" to engage more surface area

of a femoral head has been attempted. However, in such devices, the deep socket further limits

the range of joint motion, limiting daily activities. Although such a prosthetic may limit the risk

of dislocation, in the cases that dislocation occurs it is necessary to return the ball to the socket

surgically.

[0026] US Patent application 2007/ 0276364, US Patent No. 6,923,833, US Patent No. 5,514,182

and US Patent No. 6,228,122 describe prosthetic devices designed to reduce hip prosthetic

dislocation, having fastening means for fastening to the femoral neck. A disadvantage of the

prosthetic devices provided in this application is that the devices which are intended to prevent

dislocation are connected t o the femoral neck, requiring a patient to exert more force than

needed during normal activities in order to overcome the force exerted by the mesh.

[0027] It has been found that in many prior art hip replacement prostheses, there is a tradeoff

between stability and range of motion. Changes of structure performed on a hip replacement

prosthesis which increase stability, or maximum resisting moment, have the effect of lessening

the allowable range of motion to impin gement and also can lead to dislocation. In addition,

changes wh ic h allow more range of motion ge nerally lead to less stability, or lower resisting

moment being need to dislocate.

[002S] Embodiments of the present invention relate to hip prostheses that provide increased

stability and inc reased range of motion.



[0029] Reference is now made to Figs. 2A and 2B which respectively depict side and top views

of an acetabular liner 10 0 according to an embodiment of the inventio n. Aceta bular liner 10 0 is

configured t o be used to line a metal acetabular compo nent (not shown ) which is cemented or

otherwise joined to the pelvic bone. Acetabu lar liner 100 comprises a hemispherical region 10 4

and a bumper region 110 .

[0030] Hemispherical region 104 comprises an outer surface 130 and an inner surface 134,

defining a liner receiving area 132. Liner receiving area 132 is configured to receive a femoral

head prosthesis. Circu mference of liner receiving area is substantially equal to circumference of

the femoral head for wh ich it is configured to receive. Outer surface 130 is configured to be

affixed to a metal acetabular com ponent.

[0031] Bumper region 110 extends from margin 140 at the circumference of hem ispherical

regio n 104 . Bumper regio n 110 comprises tabs 112 and apertures 114, separating between tabs

112. Tabs 112 are accordio n-like in structure and comprise a lower tab element 122, a middle

tab element 124 and a terminal tab element 126. Tabs 112 comprise joints at margin 140 , outer

lip 120 and groove 118 . Lower tab element 122 extends circumferentially outwards from

hemispherical region 10 4 at margin 140 . Middle tab element 124 extends circumferentially

inwa rds from lower tab element 122 at outer lip 120 . Terminal tab element 126 extends

circu mferentially outwards from middle tab element 124 at groove 118 . Termina l element 126

comprises termina l edge 116. Inne r circumference 136 is defined by the inner surface of tabs at

groove 118 , and is a roof aperture defined by terminal element 126

[0032] Terminal element 126 is a roof of acetabula r liner 10 0 .

[0033] Acetabula r liner 100 comprises twelve tabs 112 and twelve apertures 114. Alternative

em bodiments of acetabular liners according to the invention may comprise n tabs and n

apertures wherein n is 1 or more.

[0034] In acetabular liner 10 0 , tabs 112 each comprise 3 tab eleme nts (12 2, 124, and 126.) Tabs

according to alternative embodiments of the inve ntion may each comprise between 1 arid 1000

tab elements.

[0035] Acetabular liner 10 0 may be formed from a single polymer or a combination of

polymers. It may be formed using a mold in an injection molding process or by 3-dimensional

printing. The polyme r used is preferably hard yet elastic polymer. The hardness of the polymer is

preferably betwee n 70 -10 0 in the Shore A scale, o r between 30 -60 in the shore D scale. The



polymer used may be selected from one or more than one of the polymers listed in Table 1, all

available from DSM Biomedical, Exton, PA. USA.

[0036] Table 1:

[0037] Reference is now made to Figs. ZC, ZD and 2 E depicting a detached side view (Fig. ZC),

and a connected side view in normal positio n (Fig. ZD), and a connected side view in extended

position (Fig. Z E) of a prosthetic h ip joint 150 according to an embodiment of the invention. Hip

joint 150 comprises a femoral prosthesis 160 and an acetabu lar liner 10 0 , configured t o be

affixed to a metal acetabular component fused to the pelvic bone (both metal acetabula r

component and pelvic bone not shown ).

[0038] Femoral prosthesis 160 com prises a femoral head 162, a femoral neck 164 and a

femoral stem 166. In Fig. ZC, femoral head "162 has not yet been introduced into acetabular

liner. During instal lment of femoral prosthesis 160 in a hip replacement surgery, acetabular liner

100 is affixed to an acetabular component (not shown ) that has been cemented t o a human

pelvic bone. Femoral head 162 and femoral neck 164 are together pushed in the direction of

acetabular liner 10 0 so that tabs 112 move circ umferentially outward. Upon introduction into

liner receiving area 132 (see Fig. 2B), a secu ring tie 170 is introduced into groove 118 , securing

tabs 112 around femoral head 162 as shown in Fig. ZD.

[0039] Securing tie 170 may comprise ultra-high molecular weight polyethylene. An exemplary

type of securing tie 170 may be made from Dyneema ® made by DSM Biomedical, Exton, PA.

USA. Securing tie 170 may be wrapped around groove 118 once o r more than once. Securing tie

170 may be tied with a conventional knot o r with a one-directional locking system .

[0040] Upon tightening securing tie 170 , femoral head is secured in liner receiving area 132 and

femoral prosthesis 160 is movable over a substantial range of motion without femoral neck 164

contacting acetabular liner 10 0 . Preferably, the range of motion over which femora l prosthesis

160 is movable without contact of femoral neck 164 with acetabular liner 100 is about 130
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femoral neck 302, at the section of femoral neck 302 which contacts roof 322 upon lateral

motion. Motion of femoral neck 302 within roof aperture 324 both along the x-axis and along

the y-axis may proceed without contact between femoral neck 302 and roof aperture 324.

When prosthetic hip joint 300 is installed within a patient and femoral neck 302 moves during

normal motion of the patient though rotation of femoral head 304 within liner 310, no contact is

made between femora l neck 302 and capsule 320 . As a resu lt, most of the patient's regular

activities are not restricted by pressure between femoral neck 302 and capsu le 320. Motion for

about 80-100 degrees along the y axis without contact between femoral neck 302 and roof

aperture 324 is possible. At extreme ranges of motion along the x or y axis, femoral neck 302

contacts roof 322, providing relatively minor resistance. As femoral neck 302 continues along

the y-axis, legs 326 are compressed, closing windows 330 and 332, providing increased

resistance t o motion of femoral neck 302 relative to liner 310 . Capsule 320 acts as a bumper

absorbing pressu re and preventing im pact between femoral neck 302 and perimeter 312,

the reby preventing impingement and associated damage.

[0059] Table 2, below describes ranges, in degrees, of angles of various types of motion

capable in patients in which prosthetic hip joint 300 is installed. The patient may move at these

angles of motion without risk of dislocation.

[0060] Table 2:

[0061] With regard to sizing of roof aperture 324, it should be noted that the flexibility of

material from which capsule 320 is formed should be taken into account, as upon lifting of

femoral head 304 from socket, roof 322 may be stretched, as well as aperture 324. In order to



prevent dislocation, roof ape rture 324 may be configured t o be no wider along its x-axis than 5-

25% less than the diameter of femoral head.

[0062] Reference is now made to Figs. 5A and 5B which depict a cross-sectional view of a

prosthetic hip joint 40 0 according to embodiments of the inve ntion. Hip joint 40 0 comprises a

femoral neck 40 2, a femoral head 40 4, a ca psule 410, an acetabular component 420 , and an

acetabu lar liner 430 , having a circumference 432. Capsule 410 is depicted to show its outer

perimeter for purposes of clarity. During its operation, femoral neck 40 2 is connected to a

femoral stem (not shown ), which is embedded into a femur (not shown ). Capsule 410 comprises

bumper regions 412 and 413, and roof aperture 414. Fig. 5A depicts hip joint 400 in a position

representing standard range of motion of the hip joint. Femora l head 40 4 is abutting acetabular

liner 430 and rotatable therein. Femoral neck 40 2 is contained within roof aperture 414 without

contacting roof 416. Femoral neck 40 2 is movable over a significa nt range of motion preferably

between 80 and 130 degrees, without contacting roof 416.

[0063] Fig. 5B shows hip joint 400 at a lateral extreme position of its motion. Femoral neck 40 2

moves towards circumference 432 of acetabular liner 430 , compressing bum per region 412 at

one end of capsule 410 , wh ile stretching bumper region 413 at the opposite end of capsule 410 .

Compressed end of bumper region 412 prevents impingement of acetabular liner 430 . As

pressu re is increased on femoral neck 40 2, femoral neck 40 2 continues to move towards

compressed bumper region 412, femora l head 404 undergoes lifting from a receiving area 406

defined by the inner surface of acetabular liner 430 . Capsule 410 acts to restrain femoral head

404 so tha t femoral head 404 does not dislocate. Upon release of pressure from femoral neck

40 2, the elastic capsule 410 reverts femora l head 40 4 t o receiving area 40 6.

[0064] Fig. 56 illustrates the range of motio n of h ip joint 400 , which is greater than 180 degrees

relative to the cross section of plane p. Plane p is a plane which runs th rough the center of

femoral head 40 4 and is parallel to the plane defined by the circumference 432 of acetabular

liner 430 . When femoral head 404 undergoes lifting and is restrained from dislocation by-

capsule 410 , an axis d which runs from the center of femoral head through the center of femoral

neck 40 2 lies beyond the cross section of plane p, indicating that range of motion of hip joint

400 can be greater than 180 degrees without frank dislocation of femoral head 404 from

acetabular liner 40 6 .

[0065] Although Figs. 5A and 5B depict advantages associated with a capsule device according

to embodiments of the invention, similar advantages of preventing impingement, allowing for a



range of motion o f femoral neck of greater tha n 180 degrees, and preve nting dislocatio n, can be

obtained using an improved acetabula r liner according to em bodiments of the invention such as

acetabular liner 100 .

[0066] Reference is now made to Fig. 5C which depicts a cross-sectional view of a prosthetic

hip joint 450 according to embodiments of the invention. Hip joint 4 50 comprises an acetabular

liner 460, a femoral head 454 and a femoral neck 452. Acetabular l iner 460 comprises a

containment region 462 and a bum per region 464. Containment region 462 may be rigid and

bumper region 464 may be flexible, constructed in a similar fashion to bumper region 110 in

Figs. 2A and 2B.

[0067] As see in Fig. 5G, containment region 462 contacts less than half of the su rface area of

femoral head 454. During operation of hip joint 450, femoral neck 452 approaches bumper

regio n 464, which is the n com pressed, optionally, through folding of the folds which comprise

the bumper region. Bumper region 464 prevents impingement and secures femoral head 454

with in the confines of acetabular liner 460 .

[0068] Due t o compressio n of bum per region 464, range of motion of femoral head within

acetabu lar liner 460 may be about 165 degrees. Alterna tively, ra nge of motion is greater than

180 degrees.

[0069] An additional benefit of the bum per according to embodiments o f the invention relates

to promoting bone remodeling at the femoral bone-implant interface. This may strengthen the

prosthetic by preventing fracture at the prox imal femur, preventing loosening and eliminating

micro-movements.

[0070] In previously known hip replacement systems between 32-61% of all total hip

replacement patients suffer from bone loss in the proximal femur, particularly in the per i-

prosthetic region. In fact, the leading cause of hip replacement failu re is ase ptic loosening which

is primarily caused by proximal bone dens ity loss. One possible explanation for this

phenomenon is due to the metallic stem the body-load is transferred to the distal fem ur causing

the distal femur to de nsify, while the proximal femur is under-loaded causing substantial bone

loss.

[0071] In previously known systems, the impingement of the prosthetic components is harmful,

possibly causing third body particles, defor mation of the line r which can lead to hip instability,

and possibly even lead to component fracture.



[0072] Hip replacement systems according to the present invention transfer the

aforementioned adverse force and pressure to the proximal femur , causing pressure at the peri-

prosthetic bone-prosthetic interface . This pressure in the proximal region of the femu r will

cause trabecular bone growth , based on Wolff s Law and on recent research relating to Rest

Inserted Load .

[0073] In h ip replacement system s according to embodiments of the invention , upon

approaching an im pingement configuration , the bumper area absorbs some of the energy of the

contact , and prolongs the force impact compared to systems without a bumper area . As a result ,

the pressure wave formed from the impingement has a lower frequency in systems with a

bumper area . This results in even pressure distribution over the length of the bone, not merely

at the contact area between the femoral stem and the bone . This lowers chance of aseptic

loosening failure of the h ip replacement system .

[0074] Reference is now made to figs . 6A and 6B wh ich depict a capsule 500 according to an

embodiment of the invention in a top view and a side view , respectively . Capsule 500 comprises

a roof 510, a roof aperture 514, legs 524, windows 520, and a roof containment ring 512. Roof

containm ent ring may be made of a polymeric material o r of metal . Capsule 500 further

comprises roof aperture reinforcements 516, window reinforcement 528 and roof perimeter

reinforcement 522. Reinforcements 516, 528, and/ or 522 may be made from a material other

tha n the polymer wh ich is used for making the roof and/ or legs of capsule 500. Reinforcements

516, 528, and 522 may comprise ultra -high molecular weight po lyethylene . An exemplary type

of reinforcement may be made from Dyneema made by DS Biomedical , Exton , PA. USA-

Reinforcements may also comprise metal wire or other fibers . Reinforcements may be strand

like in structure . Reinforcements may be web -like or woven . Reinforcements may be strands

ranging in diameter between about 0.1 and 5 mm .

[0075] Reinforcements may be introduced to acetabular liner 100 (such as depicted in Figs. 2A

and 2B). Reinforcements may be provided along perimeter of tabs 112 and/ or around outer

circumference of hem ispherical region 104.

[0076] During operation of capsule 500, reinforcements 516, 528, and/ or 522 provide

additional strength ari d durability to capsule 500.

[0077] Example 1:

[0078] Testing was performed on hip prosthesis systems 150 (strength ) and 300 (flexibility )

described above . Results of ph ysical testing are detailed in Table 3.



[0079] Table 3:

[0080] Results in table 3 show that hip prosthesis systems according to embodiments of the

invention provide increased resistance to dislocation while maintaining high flexibility a nd large

range of motion. When com pared to commercially available systems, hip prosthesis systems

according to embodiments of the invention out-performed the following systems; Biomet

(Freedom Liner, Ring Lock I I); DePuy Synthes (Polydial, S- ROM, Durolock and Esc); Zimmer

(Longevity, Epsilon Durasul, and Triology); Stryker (Trident and Omnifit ); Smith & Nephew

(Reflection and R3); and Exactech ® (Novation and Accumatch, )

[008 1] Em bodiments of the invention relate to a hip prosthetic stabilization capsule for use in

conjunction with a femoral head, neck and stem prosthesis and with an acetabular prosthetic

component, the capsule comprising: a roof having an aperture, the aperture at its narrowest

axis having a diameter smaller than the diamete r of the femoral head and greater than that of

the femoral nec k; and a cylindrical, com pressible bum per region, attached at its one end t o the

acetabular component and at its other end to the roof, Optionally, the capsule is formed from

an elastic polyme r. Optionally, the capsule polymer is selected from the group consisting of:

Thermoplastic Polycarbonate Polyurethane, Segmented Polyurethane, Thermoplastic Slicone-

Polycarbonate-urethane, Thermoplastic polyether-urethane and Termoplastic Silicone-

Polyether-Urethane, Optionally, the bumper region comprises accordion-like folding legs, each

leg comprising between 1 and 4 folds. Optionally, the bumper region further comprises

windows. Optiona lly, the su rface area of the windows is greate r than the surface area of the

legs. Optionally, the capsule comprises windows having different sizes in the bumper region.

Optionally, the capsule further comprises a mating region configured to mate with a

circumferential area of an acetabular liner. Optionally, the mating region comprises a groove

having fastening apertures, the apertures configured to contain fastening elements to attach to

the circumferentia l area of the acetabular liner. Optionally, the capsule further comprises a

circular fastening ring having fastening elements adapted to insert into fastening apertures and

attach to acetabular liner. Optionally, the fastening elements snap-fit into the acetabular liner,

Optionally, the roof aperture is stadium-shaped. Optionally, the capsule further comprises a
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13. The capsule according to any one of the previous claims, further comprising a

reinforcern en t stra nd .

14. The capsule according t o claim 13 wherein the reinforcement strand is connected to the

capsule at one, or more than one of, a roof aperture, a window, or a roof perimeter.

15. The capsule according to claim 1 wherein the bumpe r region extends from and is an

integral part of an acetabular liner.

16. The capsule according to claim 15 wherein the bum per region comprises between 4 and

20 tabs.

17. The ca psule according to claim 15 or 16 wherein the tabs are accordion like tabs which

extend from a femoral head receiving region to a terminal region, the tabs comprising folds.

IS, The capsule according t o any one of claims 15-17 further comprising a circumferential

groove defined by tab folds.

19. The ca psule according to any one of claims 15-18 further comprising a securing tie in a

circumferential groove, configured to secure the capsule around a femora l head.

20 . The capsule according t o any one of claims 17-19 wherein the inner surface of the tabs

at the groove define an inner circu mference, smaller tha n the circumference of the spherical

element of femoral head.

21. The capsule according to any one of claims 15-20 , wherein the acetabular liner

comprises a bumper region and a rigid containment region.

22. The capsule according to claim 21, wherein upon introduction of a femoral head into the

conta inment region of the acetabular liner, the containment region contacts less tha n half of the

surface area of femoral head.

23. The capsule according to any o ne of the previous claims wherein, when secured around

a femoral head, allows for movement of the femoral head within an acetabular liner within a

medial range of motion, without contacting between the capsule roof and the femoral neck.

24. The ca psule according to any one of the previous claims, wherein, upon movement of

the femoral head in the acetabular liner to a lateral extreme range of motion, contact is made

between the capsule roof and the femoral neck.

25. The capsule according to any one of the previous claims, wherein, upon lifting of the

femoral head from the acetabular liner, the capsu le applies pressure on the femoral head to

retu rn it to the acetabular liner.
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