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(57) ABSTRACT 

A biologic intramedullary fixation device for treating a bone 
fracture includes an internal tubular wall formed of a bioab 
sorbable synthetic material; and an outer wall coupled with 
and Surrounding the internal tubular wall with an annular 
space therebetween. The outer wall is at least partially fenes 
trated and is formed of the bioabsorbable synthetic material. 
A biologically replaceable cement material is injectable into 
the annular space between the internal tubular wall and the 
outer wall. 
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BIOLOGIC INTRAMEDULLARY FXATION 
DEVICE AND METHODS OF USE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/861.509, filed Sep. 26, 2007, pending, 
which claims the benefit of U.S. Provisional Patent Applica 
tion Ser. No. 60/847,360, filed Sep. 27, 2006, the entire con 
tents of each of which are hereby incorporated by reference in 
this application. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002) (NOTAPPLICABLE) 

BACKGROUND OF THE INVENTION 

0003 Treatment offractures of the long bones has evolved 
through many phases over the last half century from external 
splintage, tractions, plasta casting, open reduction and inter 
nal fixation with various types of plates, open intramedullary 
rods to current methods of intramedullary rods Supplemented 
with interlocking screws for better stabilization, control of 
rotational deformities and maintenance of normal length of 
the fractured bone. 
0004. The materials used for internal fixation of these 
fractures have included largely various metal alloys. A lim 
ited number of bioabsorbable devices have been used to fix 
Smaller bone fractures, but no serious attempt has been made 
for larger bones such as the femur, tibia, humerus, radius and 
ulna. Problems arise, however, in that once the fracture has 
healed, the metal device remains in place and often requires a 
second operation to remove it. 

BRIEF SUMMARY OF THE INVENTION 

0005. A concept of using biologic techniques allows us to 
achieve satisfactory fracture management while eliminating a 
number of undesirable consequences of current methods of 
internal fixation including but not limited to: 
0006 1) minimally invasive technique: less trauma asso 
ciated with the Surgical technique reduces Surgical complica 
tions, reduces Surgical pain, reduces convalescence, reduces 
cosmetic deformity; 
0007 2) immediate stable fixation and early rehabilitation 
of the limb; 
0008 3) the biologic cement material, e.g., hydroxyapa 

tite, will be resorbed over time and replaced by the host's 
bone; 
0009 4) the synthetic rod made out of a bioabsorbable (or 
bioincorporable) material will over time be degraded and 
removed by the body's macrophage system (or incorporated 
into the host bone); 
0010 5) the biologic system eliminates the need for a 
second operation for the removal of a fixation device. 
0011. The concept can be used for fractures of all long 
bones, e.g., phalangial bones of hands, metacarpals, radius, 
ulna, humerus, clavicle, femur, tibia, fibula and metatarsal 
bones. 
0012. In an exemplary embodiment, a biologic intramed 
ullary fixation device for treating a bone fracture includes an 
internal tubular wall formed of a bioabsorbable synthetic or 
bioincorporable material; and an outer wall coupled with and 
Surrounding the internal tubular wall with an annular space 
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therebetween. The outer wall is at least partially fenestrated 
and is formed of the bioabsorbable synthetic or bioincorpo 
rable material. A biologically replaceable cement material is 
injectable into the annular space between the internal tubular 
wall and the outer wall. 
0013 The internal tubular wall may be partially fenes 
trated adjacent the bone fracture. With the internal tubular 
wall defining an internal cavity, a top of the internal cavity 
may be sealed with a set screw. In this context, a bottom of the 
internal tubular cavity is left open to allow in-growth of 
vessels and resorption of the device. 
0014. The internal tubular wall may be ribbed, and the 
outer wall is preferably entirely fenestrated except for its 
proximal and distal ends. In one arrangement, the fenestra 
tions in the outer wall are more prominent adjacent the bone 
fracture. 
0015 The device may additionally include inter-wall con 
nectors connecting the internal tubular wall and the outer 
wall. In this context, the inter-wall connectors preferably span 
substantially an entire length of the device. The inter-wall 
connectors may be integral with the internal tubular wall and 
the outer wall. 
0016 A viscosity of the cement is preferably set such that 
the cement can penetrate the area adjacent the bone fracture 
through the fenestrations in the outer wall. 
0017. In another exemplary embodiment, an intramedul 
lary rod insertable into a cavity formed in a fractured bone is 
formed of a bioabsorbable synthetic material, wherein the 
intramedullary rod is cooperable with a biologically replace 
able cement material to secure the intramedullary rod in the 
cavity. 
0018. In yet another exemplary embodiment, a method of 
treating a bone fracture using the described biologic 
intramedullary fixation device includes the steps of (a) form 
ing a cavity in the bone that extends across the bone fracture; 
(b) inserting the biologic intramedullary fixation device in the 
cavity; and (c) injecting a biologically replaceable cement 
material into the annular space between the internal tubular 
wall and the outer wall. The method may further include, after 
step (c), inserting a set Screw in an end of the internal tubular 
wall and covering the annular space or alternatively before 
step (c), inserting a set Screw in an end of the internal tubular 
wall without covering the annular space. 
0019 Step (c) may be practiced by injecting the biologi 
cally replaceable cement material into the annular space until 
the biologically replaceable cement material penetrates the 
area adjacent the bone fracture through the fenestrations in 
the outer wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. These and other aspects and advantages will be 
described in detail with reference to the accompanying draw 
ings, in which: 
0021 FIG. 1 is a sagittal view of the biologic intramedul 
lary fixation device for proximal (subtrochanteric) femoral 
fracture repair; 
0022 FIG. 2 is a cross sectional view through section II-II 
in FIG. 1; 
(0023 FIG. 3 shows the bioabsorbable intramedullary rod 
for femoral repair; 
0024 FIG. 4 is a cross sectional view through section 
IV-IV in FIG. 3; and 
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0025 FIG. 5 shows a cement gun for injecting a cement 
material into the intramedullary rod. 

DETAILED DESCRIPTION OF THE INVENTION 

0026. With reference to FIGS. 1-4, the biologic intramed 
ullary fracture fixation device 10 is shown in an exemplary 
application for proximal (Subtrochanteric) femoral fracture 
repair. As noted above, the fixation device described herein is 
suitable for fractures of all long bones. The device 10 includes 
an intramedullary rod 12 that is formed of a bioabsorbable 
synthetic material such as Polyglycolic acid or High Molecu 
lar Weight Polylactide polymers or a combination thereof. 
When combined with a cement material, the bioabsorbable 
synthetic material has a modulus of elasticity that is better 
than the native bone. 
0027. As shown in FIGS. 2 and 4, the rod 12 includes an 
internal tubular wall 14 that defines an internal cavity 16. The 
internal tubular wall 14 may be provided with or without 
minimal fenestration at the site the fracture to permit extru 
sion of the cement centrally. A proximal end of the internal 
wall 14 is preferably sealed with a set screw 18 that stabilizes 
an interlocking nail N (in the exemplary case of the proximal 
femur) and also serves to prevent central injection of the 
cement. The internal wall 14 may be made smooth or ribbed 
to impart more rigidity. Preferably, a distal end of the internal 
wall 14 is left open to allow in-growth of vessels and resorp 
tion of the synthetic rod. 
0028. An outer wall 20 is coupled with and surrounds the 
internal tubular wall 14 with an annular space 22 therebe 
tween. The outer wall is at least partially fenestrated 23 and is 
similarly formed of the bioabsorbable synthetic material. The 
outer wall 20 is preferably entirely fenestrated 23 except for 
its proximal and distal ends. Moreover, the fenestrations 23 
are preferably more prominent in the region of the fracture to 
permit more cement extrusion at the fracture site to better 
augment the fixation. 
0029. A plurality of inter-wall connectors 24 connect the 
internal tubular wall 14 and the outer wall 20. The connectors 
24 may run down the entire length of the rod 12 connecting 
the inner 14 and outer 20 walls, or may be designed to run 
short distances. The connectors 24 serve to maintain normal 
relations between the two walls 14, 20 and also impart further 
structural strength. In a preferred construction, the entire rod 
12 is formed as an integral unit. 
0030 Abiologically replaceable cement material is inject 
able into the annular space 22 between the internal tubular 
wall 14 and the outer wall 20. An exemplary material for the 
cement is hydroxyapatite. Preferably, a viscosity of the 
cement enables the cement to be injectable Soon after mixing 
and allows penetration into the fracture site through the fen 
estrations 23 in the outer wall 20 of the rod 12. Preferably, the 
cement must set within a short period of time to permit some 
weight bearing within 24–48 hours. Over a period of time, the 
normal biological process of fracture healing should remove/ 
remodel the cement to impart normal strength to the healing 
bone. 
0031. In treating a bone fracture, a cavity 26 is formed in 
the bone and extends across the bone fracture. Such cavities 
are formed using a known reamer device or the like. The rod 
12 is inserted into the cavity 26. In the exemplary application 
illustrated in FIG.1, the rod 12 is provided with a tunnel 28 for 
receiving the interlocking nail N, which is used for treating a 
proximal (subtrochanteric) femoral fracture. With the rod 12 
set in the cavity 26, the biologically replaceable cement is 
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injected into the annular space 22 between the internal tubular 
wall 14 and the outer wall 20. With reference to FIG. 5, a 
cement gun 30 or the like may be used to inject the cement 
material. In a preferred construction, the cement gun 30 
includes a cylinder 32 housing the cement material, and a 
plunger 34 that enables the cement material to be controllably 
injected into the rod 12 via a flexible tube 36. 
0032. In the exemplary embodiment illustrated in FIG. 1, 
the set screw 18 may be inserted in an end of the internal 
tubular wall 14 before or after cement injection. The set screw 
18 if inserted prior to cement injection covers the opening of 
the internal tubular wall 14 and prevents central injection of 
the cement. Alternatively, the set screw 18 may be inserted 
after cement injection and may therefore cover the opening of 
the internal wall 14 and the annular space 22. 
0033. In the cement injection operation, the biologically 
replaceable cement material is injected into the annular space 
22 until the material penetrates the area adjacent the bone 
fracture through the fenestrations 23 in the outer wall 20. As 
noted, the cement material preferably sets within a short 
period of time to permit some weight bearing within 24-48 
hours, and over a period of time, the normal biological pro 
cess of fracture healing should remove/remodel the cement to 
impart normal strength to the healing bone. 
0034. While the invention has been described in connec 
tion with what is presently considered to be the most practical 
and preferred embodiments, it is to be understood that the 
invention is not to be limited to the disclosed embodiments, 
but on the contrary, is intended to cover various modifications 
and equivalent arrangements included within the spirit and 
Scope of the appended claims. 

1. A biologic intramedullary fixation device for treating a 
bone fracture, the device comprising: 

an internal tubular wall formed of a bioabsorbable syn 
thetic material; 

an outer wall coupled with and Surrounding the internal 
tubular wall with an annular space therebetween, the 
outer wall being at least partially fenestrated and being 
formed of the bioabsorbable synthetic material; 

inter-wall connectors connecting the internal tubular wall 
and the outer wall; and 

a biologically replaceable cement material injectable into 
the annular space between the internal tubular wall and 
the outer wall, wherein the outer wall is structured to 
permit penetration of biologically replaceable cement 
material injected into the annular space through the 
outer wall to the bone fracture, and wherein the cement 
comprises a viscosity Such that the cement can penetrate 
the area adjacent the bone fracture through the fenestra 
tions in the outer wall. 

2. A biologic intramedullary fixation device according to 
claim 1, wherein the internal tubular wall is partially fenes 
trated adjacent the bone fracture. 

3. A biologic intramedullary fixation device according to 
claim 1, wherein the internal tubular wall defines an internal 
cavity, and wherein a top of the internal cavity is sealed with 
a Set ScreW. 

4. A biologic intramedullary fixation device according to 
claim3, wherein a bottom of the internal tubular cavity is left 
open to allow in-growth of vessels and resorption of the 
device. 

5. A biologic intramedullary fixation device according to 
claim 1, wherein the internal tubular wall is ribbed. 
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6. A biologic intramedullary fixation device according to 
claim 1, wherein the outer wall is fenestrated except for its 
proximal and distal ends. 

7. A biologic intramedullary fixation device according to 
claim 1, wherein the fenestrations in the outer wall are more 
prominent adjacent the bone fracture. 

8. A biologic intramedullary fixation device according to 
claim 1, wherein the inter-wall connectors are integral with 
the internal tubular wall and the outer wall. 

9. A biologic intramedullary fixation device according to 
claim 1, wherein the internal tubular wall and the outer wall 
are integral. 

10. A biologic intramedullary fixation device for treating a 
bone fracture, the device comprising: 

an internal tubular wall formed of a bioabsorbable syn 
thetic material; 

an outer wall coupled with and Surrounding the internal 
tubular wall with an annular space therebetween, the 
outer wall being at least partially fenestrated and being 
formed of the bioabsorbable synthetic material; 

inter-wall connectors connecting the internal tubular wall 
and the outer wall, wherein the inter-wall connectors 
have a length spanning Substantially an entire length of 
the device; and 

a biologically replaceable cement material injectable into 
the annular space between the internal tubular wall and 
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the outer wall, wherein the outer wall is structured to 
permit penetration of biologically replaceable cement 
material injected into the annular space through the 
outer wall to the bone fracture. 

11. A method of treating a bone fracture using a biologic 
intramedullary fixation device including an internal tubular 
wall formed of a bioabsorbable synthetic material, and an 
outer wall coupled with and surrounding the internal tubular 
wall with an annular space therebetween, the outer wall being 
at least partially fenestrated and being formed of the bioab 
Sorbable synthetic material, the method comprising: 

(a) forming a cavity in the bone that extends across the bone 
fracture; 

(b) inserting the biologic intramedullary fixation device in 
the cavity; and 

(c) after step (b), injecting a biologically replaceable 
cement material into the annular space between the 
internal tubular wall and the outer wall without injecting 
the biologically replaceable cement material within the 
internal tubular wall, wherein the biologically replace 
able cement material penetrates the area adjacent the 
bone fracture through the fenestrations in the outer wall. 

12. A method according to claim 11, further comprising, 
after step (c), inserting a set screw in an end of the internal 
tubular wall and covering the annular space. 
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