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il B30 FIGURE 3-1. A,Inaconventional posterior or posterolateral fusion construct, the loads
transmitted through the vertebral body column are partially transferred to the posterior elements,
through the fusion mass, and then back through the posterior elements into the subadjacent verte-
L] bral body. B, With an interbody fusion construct, the load is transmitted directly from one vertebral
' body to another through the fusion mass. (Reproduced with permission from the Division of
Neurosurgery, University of New Mexico, Albuquerque, New Mexico.)

l isfactory results ranged from 14% to 93%.” In a series of 20 patients undergoing lum-
: bar fusion for treatment of grade I spondylolisthesis using tricortical grafts with no in-
‘ terbody distraction, 55% of the patients had fair or poor results.® In a series of patients
- ‘ undergoing ALIF with bone graft alone and no instrumentation, 46% of the patients
' lost intervertebral disc height in comparison with their preoperative radiographs.® It
was concluded that loss of distraction is a normal postoperative occurrence for ALIF
performed without instrumentation.

Bagby, who had earlier experimented with other techniques of equine cervical fu-
sion, first reported the use of stainless steel baskets for intervertebral fusion in horses in
1984.° The device consisted of a smooth hollow cylinder perforated with numerous
holes to allow bony end growth. The Bagby device was clinically successful, but there
was a significant rate of dislodgment of the smooth-sided cylinder.’® This led to the de-
velopment of threaded perforated cylinders as interbody fusion devices. The threaded
interbody cage has become the most widely used of the intervertebral fusion devices
and is the subject of the majority of the data reported in this chapter.

The history of interbody fusion devices has included the study of numerous mate-
rials and device designs. The use of allograft bone has been extensively considered as a
graft material, and it has also shown substantial advantages as a substrate to create
threaded and cylindrical interbody devices. In a study of posterior interbody fusion
performed with allograft bone and combined with pedicle screw instrumentation,
frank failure and/or resorption of the graft with collapse of the disc space occurred in
28%.!* However, allografts used in the study were treated with ethylene oxide steriliza-
tion. In another series of 250 patients undergoing posterior lumbar interbody fusion
with autologous bone or allograft, Rish'? reported a successful fusion rate of 85.6%,
and no significant differences were noted between patients receiving autologous graft
and those receiving allograft.
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I 2 ¥ FIGURE 3-2. Current cage designs basically follow the pattern of threaded horizontal
cylinders (A), vertical rings (B), or open boxes (C). A variety of materials including bone, metals,
and polymers are used in the manufacture of these devices. (Reproduced with permission from the
Division of Neurosurgery, University of New Mexico, Albuquerque, New Mexico.)

DEVICE MATERIALS

A number of nonbiological materials have also been used to create various designs of
interbody fusion devices. Metals ranging from stainless steel to titanium to tantalum
are included in this group. Nonmetallic materials such as polymers and carbon fiber
compounds were also used. All of the various interbody cage designs can generally be
described as horizontal cylinders, vertical rings, or open boxes (Fig. 3-2)."* The hori-
zontal cylinder devices currently in clinical use are typically threaded devices.

BIOMECHANICS

The three basic biomechanical tests that describe the characteristics of a spine implant
are strength, fatigue, and stability. Strength testing evaluates the failure load of the de-
vice. The fatigue test provides a measure of the longevity of the device under condi-
tions of repetitive loading or motion. The stability test measures the capability of the
device to provide multidirectional stability to the injured spine.' The commonly avail-
able intervertebral body cage and bone dowels all have been shown to have exception-
ally good strength qualities. In compressive testing of the Brantigan carbon fiber cage
(essentially the Lumbar I/F Cage, DePuy AcroMed, Inc., Raynham, Mass. ), average load
to failure was 5288 newtons. The vertebral body endplates generally failed before device
failure occurred.” The average yield load of threaded cortical bone dowels is greater
than 24,000 newtons.”® Likewise, the yield strength for the threaded cylindrical titani-
um cages has been demonstrated to exceed several thousand newtons for all of the
commonly available devices.

Fatigue strength of a spinal implant refers to its resistance to dynamic loading. This
is characterized by the number of cycles to failure under defined loading conditions.
Normal physiologic loads at the lumbar intervertebral motion segment range from ap-
proximately 1000 newtons when standing, to 3000 newtons when sitting, and approxi-
mately 10,000 newtons for very heavy lifting,'>"” Only the very strongest individuals
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would be expected to have the capability of generating a 10,000 newton spinal com-
pressive load. Spinal motion segments in cadavers have failure strength in the neigh-
borhood of 6000 newtons, on average.”'® With the placement of paired threaded inter-
body implants, the mean maximum compressive load that will be transmitted through
the implants is approximately 3000 newtons.” The BAK cage (Sulzer Spine-Tech, Inc.,
Minneapolis, Minn.) has been tested with cyclical loading to 9600 newtons, and the de-
vice was able to withstand this load through five million cycles without failure.® Like-
wise, threaded cortical bone dowels have been shown to withstand 500,000 cycles of
flexion loading at load values much greater than physiologic numbers without failure.'®

Strenigth of Device-Bone Interfaces

Another important characteristic of strength with interbody implants is the consider-
ation of the strength of the implant-bone interface, The strength of this interface es-
sentially dictates the limitation to pullout or retropulsion of the device. The Brantigan
carbon fiber cage has a number of small teeth or ridges that penetrate into the bony
endplate to provide resistance to device dislodgment.”'® In comparison with non-
threaded donor bone dowels, the pullout force required for the carbon fiber device was
three times greater (353 newtons vs. 126 newtons).” In a similar study comparing the
pullout strength of the threaded BAK interbody cage versus the pullout strength of
nonthreaded bone dowels, the BAK cage pullout strength averaged 564 newtons versus
271 newtons for the bone plugs.” The greater value for the pullout strength of the non-
threaded bone plugs in this study is probably explained by the fact that in this study an
axial compressive preload of 1100 newtons was applied before testing pullout strength.
In another study comparing the pullout strength for the BAK cage with the pullout
strength of the threaded interbody fusion device (Medtronic Sofamor Danek, Mem-
phis, Tenn.), Rapoff et al.?! found that the pullout loads were similar for the two cages
and exceeded 600 newtons for both types. Insertional torque was also similar for the
BAK cage and the threaded interbody fusion device, and there was also a close correla-
tion between insertional torque and pullout strength.*!

Material Considerations

The common materials in use for construction of interbody cages today include bone,
titanium, and carbon fiber. A tantalum material containing a foam-like structural com-
position is-also under development and may soon be approved for human implanta-
tion. The use of bone provides a number of significant advantages. Bone is incorporat-
ed into the fusion construct, thus making its biological composition attractive. Bone
also has a modulus of elasticity that is similar to the adjacent vertebral bodies, and this
provides the ideal device stiffness for use in spine fusion constructs. Furthermore, if re-
vision surgery is later needed, bone represents far less of a challenge to the surgeon than
any of the metal devices. Titanium, a commonly used metal, is advantageous because of
its high degree of tissue compatibility.* Additionally, titanium is more radiolucent than
stainless steel in CT scanning, and it creates less artifact with MRI scanning than stain-
less steel.? With carbon fiber, a major advantage is that the material is completely radio-
lucent. Bone healing can therefore be imaged by standard radiographic techniques.” A
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