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(57) ABSTRACT 

A dynamic bone fusion device for facilitating fusion 
betWeen bone sections, particularly vertebrae, is selected 
having certain stiffness to induce speci?c strain conditions 
associated With high success rates in bone fusion. Temporary 
stiffeners that are absorbable by the body may be imple 
mented With the fusion device. 
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DYNAMIC FUSION MECHANOSTAT DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from US. 
application Ser. No. 09/545,949 ?led Apr. 10, 2000, now 
US. Pat. No. 6,395,033 B1, the disclosure of Which is 
hereby incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to dynamic bone 
fusion devices and associated techniques and, more particu 
larly, to such fusion devices and associated techniques for 
effecting optimal spinal fusion. 

[0003] It is knoWn generally that, according to Wolff’s 
laW, every change in the form and function of a bone, or in 
its function alone, is folloWed by certain de?nite changes in 
its internal architecture and secondary alterations in its 
external conformation. (Stedman’s Medical Dictionary, 26th 
Ed., 1995.) Based on this principle and others, dynamic bone 
fusion devices and procedures are designed to simulate 
strain conditions in Which compressive forces are applied to 
the junction of bone segments to be fused, thereby initiating 
and sustaining fusion. 

[0004] The success rates of fusion depend on a variety of 
factors including the location and types of bones to be fused, 
and the techniques and devices used. There currently does 
not exist speci?c available data and correlating guidelines on 
the types of devices and techniques that, for a given set of 
parameters, provides ideal or optimum strain or loading 
conditions to initiate and sustain high success rate dynamic 
fusion. Nor does there currently exist speci?c available data 
for identifying ideal strain and loading conditions for ver 
tebral dynamic fusion. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide 
devices and associated techniques for initiating and sustain 
ing optimum dynamic bone fusion procedures and, particu 
larly, such procedures for vertebral fusion. These objects and 
others are achieved by the present invention described 
herein. 

[0006] The present invention is directed to dynamic fusion 
devices, such as spinal implant devices for vertebral fusion, 
that are selected Within the parameters of available data and 
modeling to determine optimum ranges of strain and loading 
for initiating and sustaining highly successful rates of 
fusion. In summary, various available data for a variety of 
fusion cases has been analyZed and is used as a basis for 
modeling the fusion conditions of vertebrae. Speci?cally, 
data available from intra medullary nail systems is used With 
beam de?ection principles to arrive at stiffness constants and 
applicable strain conditions for ideal states in Which high 
fusion success rates are likely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a table illustrating bone fusion strain 
ranges and corresponding ossi?cation characteristics. 

[0008] FIG. 2 is a schematic, side vieW of an interverte 
bral dynamic fusion device implanted betWeen adjacent 
vertebrae according to the present invention. 
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[0009] FIG. 3 is a table illustrating strain properties asso 
ciated With typical bone fusion devices. 

[0010] FIG. 4 is a schematic, side vieW of an interverte 
bral dynamic fusion device implanted betWeen adjacent 
vertebrae and having absorbable stiffening elements accord 
ing to the present invention. 

DETAILED DESCRIPTION 

[0011] Applying Wolff’s LaW and analyZing data from 
various studies on bone mechanostat reaction to various 
strain rates, the present invention dynamic fusion device and 
its properties can be modeled. An active Zone for achieving 
successful rates of bone fusion is generally in the range of 
00008-0002 unit bone surface strain. (Frost, H. M., Clin 
Orthop May 1983, 286-92.) Microstrains of 1700 have been 
used to perform studies on cell response to mechanical 
stimuli. (Brighton et al., J Bone Joint Surg Am, September 
1986, 78(9): 1337-47.) Differences in mediators at rates of 
200, 400 and 1000 microstrain have been observed. (Brigh 
ton, JBJS 73A, March 1991, 320.) Data from tests applying 
a spatially uniform biaxial strain (1.3% applied strain) have 
been analyZed. (Toma, J Bone Miner Res, Oct. 12, 1997, 
1626-36.) 
[0012] The highest strains Were observed during distrac 
tion osteogenesis. Average maximum cyclic strains Within 
the distraction Zone during ambulation Were estimated to be 
betWeen 14% and 15%, and supported using ?uoroscope 
imaging. These strains are higher than Would be expected in 
spinal fusion, and thus serve as a high end limit for mod 
eling. (Waanders et al., Clin Orthop, April 1993, (349) 
225-34.) Magnitudes of local strain are indicative of the type 
of fracture healing. (Claes, J Biomech, March 1999, 32(3): 
255-66.) As shoWn in FIG. 1, up to 4% strain had more 
osteoblast proliferation than non-strained bone. Intramem 
branous bone formation Was found for strains smaller than 
approximately 5% and small hydrostatic pressure. Strains 
less than 15% and hydrostatic pressure more than 0.15 MPa 
stimulated endochondral ossi?cation. Larger strains led to 
connective tissue. (Claes, Clin Orthop, October 1998, (355 
Suppl) S132-47.) 
[0013] The strain-related variable Which had the greatest 
in?uence on every remodeling parameter investigated Was 
the ratio betWeen the maximum strain rate of the arti?cial 
regime and the maximum strain rate during Walking, or 
ambulation. The variation in this ratio accounts for approxi 
mately 70%-80% of the variation in the measurement of 
surface bone deposit. (O’Conner et al., J Biomech, 1982, 
15(10): 767-81.) 
[0014] As a result of test data analysis and modeling using 
basic beam de?ection equations for medullar nail systems, it 
is determined that the best range of strain for initiating and 
sustaining vertebral fusion betWeen adjacent vertebrae for a 
dynamic fusion device 10 implanted betWeen adjacent ver 
tebrae 14 and 16 as shoWn schematically in FIG. 2, is 4-8%. 
Depending on other various factors including patient con 
dition, the range may be expanded to 2-10% and, in less 
critical instances 05-15%. A schematic spring element 12 
represents the stiffness constant element. 

[0015] ShoWn in FIG. 3, is a strain graph for various 
commercially available products including pedicle screWs, 
vertebral implant cages, and long bone rods. Also included 
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is the strain for a typical vertebral disc. As shown, the 
existing vertebral implants are outside of the target range of 
05-15% strain, and certainly outside of the optimal range of 
4-8%. 

[0016] The target or optimal ranges may be achieved by 
selecting dynamic fusion device materials and geometries 
that, together with physical parameters of the patient, create 
the ideal strain conditions identi?ed above. As shown sche 
matically in FIG. 4, a dynamic fusion device 10 for implant 
ing between adjacent vertebrae 14 and 16 to be fused can be 
provided with compressive spring characteristics 12 along a 
vertical axis. Optionally, performance may be enhanced with 
features that initially maintain the stiffness of the device and 
gradually reduce overall stiffness. For example, polylactic 
acid inserts 18 designed to absorb after a predetermined time 
may be used to bolster the dynamic fusion device, adding 
stiffness and gradually reducing overall stiffness. Such a 
feature will, in appropriate instances, withhold excessive 
loading while ossi?cation initiates and, after a desired 
period, increase the loading. 

[0017] While the preferred embodiment has been herein 
disclosed, it is understood and acknowledged that variation 
and modi?cation to the preferred embodiment may be made 
without departing from the scope of the present invention. 

9. (New) A dynamic fusion device, which comprises: 

a spring mechanism positionable between adjacent bone 
structures, the spring mechanism having a spring con 
stant to maintain a natural spacing between the bone 
structure and to simulate a strain condition in response 
to compressive forces on the bone structures suf?cient 
to initiate and sustain fusion and healing thereof. 

10. (New) The dynamic fusion device according to claim 
9 wherein the spring mechanism has a spring constant 
adapted to create a strain range between the bone structures 
ranging from about 0.5 to 15%. 

11. (New) The dynamic fusion device according to claim 
9 wherein the spring mechanism has a spring constant 
adapted to create a strain range between the bone structures 
ranging from about 2 to 10%. 

12. (New) The dynamic fusion device according to claim 
9 wherein the spring mechanism has a spring constant 
adapted to create a strain range between the bone structures 
ranging from about 4 to 8%. 

13. (New) The dynamic fusion device according to claim 
9 wherein the spring mechanism includes a stiffening ele 
ment adapted to increase stiffness in the direction of the 
compressive force, the stiffening element comprising a bio 
absorbable material. 

14. (New) The dynamic fusion device according to claim 
13 wherein the bioabsorbable material comprises a bioab 
sorbable polymeric material. 
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15. (New) The dynamic fusion device according to claim 
9 wherein the spring mechanism is dimensioned to support 
adjacent vertebrae in spaced relation. 

16. (New) A method for facilitating healing of adjacent 
bone structures comprising the steps of: 

accessing an open space between adjacent bone struc 
tures; and 

positioning a bone fusion device within the open space, 
the bone fusion device including a spring mechanism 
having a spring constant suf?cient to support the adja 
cent bone structures in spaced relation and creating a 
strain condition in response to forces exerted on the 
bone structures suf?cient to initiate and sustain ossi? 
cation and fusion thereof. 

17. (New) The method for facilitating healing of adjacent 
bone structures according to claim 16 wherein the spring 
mechanism de?nes a spring constant which creates a strain 
condition having a strain range ranging from about 4% to 
8%. 

18. (New) The method for facilitating healing of adjacent 
bone structures according to claim 16 wherein the spring 
mechanism includes a bioabsorbable stiffening member, and 
further including the step of permitting the bioabsorbable 
member to absorb over time to gradually increase a load 
exerted on the spring mechanism. 

19. (New) The method for facilitating healing of adjacent 
bone structures according to claim 16 wherein the spring 
mechanism includes a stiffening member comprising a bio 
absorbable polymeric material, and further including the 
step of permitting the bioabsorbable member to absorb over 
time to gradually increase a load exerted on the spring 
mechanism. 

20. (New) A bone fusion device, which comprises: 

a spring element positionable relative to adjacent bone 
structures, the spring element having a spring constant 
suf?cient to maintain the bone structures in spaced 
relation during healing; and 

a bioabsorbable stiffening element associated with the 
spring element, the stiffening element adapted to resist 
compressive forces exerted on the bone structures, the 
stiffening element being absorbable to increase a load 
on the spring element over a predetermined period of 
time. 

21. (New) The bone fusion device according to claim 20 
wherein the stiffening element comprises a bioabsorbable 
polymeric material. 


