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In 1996, the BAK cage was approved by the Food and
Drug Administration for general open use. Multicenter studies have shown it to be an effective fusion

technique with an acceptable compHcation profile rel

ative to other available fusion methods.^ CompUcations do occur, however. This chapter is directed at
techniques for dealing with those complications that
are unique to the BAK and to some extent other interbody implants.

the implant. Complete extrusion or large displacement
(more than 60% ofimplant length) necessitates cage re
moval to prevent erosion into retroperitoneal visceral
structures.Anatomically, there seem to be greater risks
above the L5 level. If the implant is anterior to the pos
terior intervertebral space removal is more readily ac

complished fi?om an anterior approach. If the malpositioned implant is still well within the interspace it can
be removed or repositioned posteriorly. This is per

formed by remov^ of the cap (if present), posterior
chamber bone, and cage, using a flat-head screwdriver.
COMPLICATIONS OF THE
POSTERIOR APPROACH
Anterior Implant Migration and Malposition

The threaded design of the BAK implant results in a
diminished chance ofmigration compared with the tra
ditional types ofbone graft used in posterior interbody

fusions.When migrationdoes occur,caused by reaming
too far to the anterior, misplacement of the implant,
improper implant sizing, or an incompetent annulus,
the treatment depends on the amount of projection of

The screwdriver is inserted into the BAK slot, un

screwing to the appropriate position or to removal.The
reason for the cage shifting should be corrected either
by replacement with a larger implant or by substitution
of bone graft for the migrated cage. In our experience,

reliance upon only asin^ecentral or unilateral cage for
lumbar fusions has not been successful.

Posterior Malposition

Posterior migration can be a disastrous complica
tion if severe encroachment on the neural elements
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occurs. Small amounts of posterior migration are usu
ally asymptomatic or become so with fusion consoli
dation. Immobilization in a rigid brace is recom
mended until the fusion solidifies, if symptoms are
tolerable and neural element damage is definitely not
ongoing. If symptoms are positional they may resolve

if and when the fusion consolidates. Large and symp
tomatic displacements require revision surgery to re
move the displaced cage or reposition it in a more an

terior and thus more favorable position. A larger
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exceed the interspace width, making it difficult to fit
cages side-by-side within the disk space. With the pos
terior approach, lateral displacement is less likely be
cause the placement trajectory is medialized by the
pedicles, but might occur due to lateral implant angulation, resulting in their exit laterally from the disk
space. In most cases this is not a problem. As long as
the cage is mosdy within the disk space and the extraforaminal root fix)m the level above is unimpinged
there will be no symptoms, especially once the fusion

implant may be needed to restore stability in some
cases. A general principle that must be followed for
good results with all interbody implants or grafts is the

has solidified.

attainment of maximum intervertebral distraction to

COMPUCATIONS OF THE
ANTERIOR APPROACH

minimize micromotion. As an alternative, one can

consider additional posterior fixation such as wiring
of the posterior elements or pedicle fixation. If the

Implant Migration and Anterior Malposition

implants are properly countersunk anterior to the pos
terior vertebral body border by 4 mm or more, this
complication is much less likely to occur.
Lateral Malposition

In the small patient with a large disk height the
width of the implants needed for good distraction may

For various reasons, such as inadequate distraction,
toggling of the reamer during reaming, cross-thread
ing of the cage into the tapped bony pilot hole, shal
low initial seating of the implant, or an unusually un
stable motion segment, anterior extrusion may occur,
either partially (Fig.45-1) or totally (Fig. 45-2). If pro
trusion is large, erosion into the great vessels (espe-

Revision Spine Surgery

Figure 45-3

Computed tomography scan revealing pos
teriorly malpositioned cage and reaming
debris pushed into spinal canal.

dally at the levels above L5) and ultimate pseudarthro-

Lateral Malposition

sis from mechanical instability becomes a concern.
Anterior removal and replacement should be consid

As with the posterior fusion this is only a problem
if associated with symptoms from extraforaminal
nerve irritation (Fig. 45-4). If symptoms are severe
enough and persistent then implant removal is neces
sary from an anterior approach, as discussed above.

ered in large protrusions. Ifthe cage site is too big for
the cage, a larger cage can be placed, but it should be
kept in mind that if more intervertebral distraction is

applied to the interspace the contralateral cage will
become loose. Reseating the same cage more deeply
is an option ifthe fit is tight, though replacement with
bone graft is also satisfactory. As pointed out above,

leaving only one cage on one side has usually resulted
in pseudarthrosis.
Posterior Malposition

Posterior displacement of implants may result in

neural element entrapment not only from the implant
itselfbut also fixjm reaming debris that is driven ahead

of the implant during insertion (Fig. 45-3). To avoid

this problem, reaming and implantation should always

stop several millimeters shortof the posterior vertebral

body border.The C-arm orx-ray must be exactly per
pendicular to the patient in assessing implant depth to
avoidparallax error,which may resultin the actual im

plant depth being more posterior than is apparent
firom the image. If persistent neurological symptoms
develop, the spinal canal will have to be decompressed.
Because soft tissue, free bone, or cartilage fiagments
may be part of the entrapment problem, decompres
sion is best approached fem a laminotomy. The cage

can also be repositioned more anteriorly from this ap

proach by screwing it anteriorly via the transverse slot
inside the cage using a flat-head screwdriver after re

moving the posterior chamber bone graft.

Posterior Vertebral Fracture

Fracture of the posterior endplate and/or posterior
vertebral body can occur from the anterior approach
caused by reaming too far to the posterior, placement
of the cage too far to the posterior, or undue force
during reaming or cage insertion into osteoporotic
bone.Treatment considerations are necessary if neuro
logical symptoms are present and consist of posterior
decompression as for posterior malposition as dis
cussed above. If symptoms are not neurological they
normally resolve when fracture healing and fusion
have occurred.

COMPLICATIONS OF THE ANTERIOR
AND POSTERIOR APPROACHES
Cephalad-Caudad Malposition

The implants should engage both the upper and
lower decorticated endplates. If they are too far cephalad or caudad, thus engaging only one endplate, the
fusion does not solidify at the unengaged endplate
(Fig. 45-5). However, even if one cage is not engaged,
the other may solidify because the unengaged cage
still provides a stabilizing effect. Symptomatic treat-
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Figure 45-4

Figure 45-5

Malposirioned implant beyond the lateral pedicular border in an

Cephalad-caudad malpositioning with failure of cage to fully en
gage superior endplate.

asymptomaric patient.

ment is the bottom line in these instances, since some
patients are improved enough to be satisfied even in

the event of nonunion. Pulsed electromagnetic field
stimulators are not fikely to have an effect if the endplate is unengaged by the cage. If revision of the fu
sion is required this can be handled as discussed in the
section on pseudarthrosis.

A history of chills, new-onset night sweats, general fa
tigue, low-grade intermittent fever, and increased back
pain in the postoperative patient should be considered

infectious in origin until proven otherwise.^ Laboratory
tests may be unremarkable and the wound cultures may
be the only way to establish the diagnosis.
Pseudarthrosis

Wound Infection

Abscess formation requires incision and drainage and

In our experience the most common problem with
the BAK implant is failure to fiise. In patients with
residual mechanical pain and static-position intoler
ance, fusion site motion should be ruled out. Any
amount of motion may be responsible for symptoms.
Flexion and extension plain x-rays will usually
demonstrate motion (Fig. 45-6), but in questionable
cases carefully taken lateral midline single plane sagit
tal tomography in side-lying flexion and extension

probably implant removal with wound closure over
tube irrigation or delayed primary closure.

should be allowed for fusion consolidation unless pa

Later-appearing deep infections probably can't be
eradicated without removal of the implants.^ In some

who are somewhat improved firom their preoperative

cases infections can be indolent and difficult to detect.

state indefinite observation may be appropriate, de-

BAK implant infections are unusual.^ Based on our
experience with other spinal implants we would rec

ommend the following; if recognized in the first post
operative week deep wound infections can often be
eradicated with culture-specific antibiotics adminis
tered for 6 weeks.^'^'^ Definitive wound cultures are
most helpful for appropriate antibiotic selection.

can help delineate subtie pseudarthrosis.'^ A full year
tient suffering mandates earlier intervention. In those
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pending on symptom severity. External electromag
netic bone stimulators may also be considered. Patients

should be screened for osteoporosis and undergo a
metabolic workup to determine appropriate treat
ment. Reversal of the metabolic bone disease state

may result in fusion consolidation.
Revision options include posterolateral fusion
(vidth or without instrumentation) and revision of the

interbody fusion. The latter approach may be more
difficult due to postsurgical scarring. In addition, via

bility of the fusion bed is compromised by the previ
ous fusion attempt. In our own series, revision fbsions

without internal fixation in the same bone graft bed
are successful only in 37% of patients, compared with
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fusion bed.^ Posterolateral fusion is recommended.
The fusion consolidation rate in circumferential fu

sions with pedicle fixation is over 95% in our experi
ence (Fig. 45-7). One has to weigh the disadvantages
of pedicle fixation, which also relates to the individual
surgeon's experience and skills in choosing the revi
sion technique.
Laparoscopic Approach

Clinical trials on the laparoscopic delivery of BAK
fusion cages began in September of 1993 and are still

ongoing at the time of this writing.® The more elabo
rate approach entails the same possible orthopedic

a 66% success rate in a previously surgically unviolated

complications as the anterior open approach.^-*^
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